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This Rate Training Manual arrd Nonresident Career 
(RTM/NRCC) form a self-study package that will enable Naval 

First and Chief to fulfill the requirements of 
holding these ratings direct and coordinate 
and crews in maintaining, repairing, and 
material-handling, and construction 
equipment, including automatic transmissions; maintain . records , 
prepare reports, conduct training, supervise safety, and coordinate 
tasks assigned.) Designed for individual study and not formal 
classroom instruction, the RTM pr<Svides subject matter that relates 
directly to the occupational standards of the construction. mechanic. 
It is organized into aine chapters which cover the following topics: 
administration, supervision, public works transportation shops 
supervisor, battalion equipment ""company shops supervisor, engine 
overhaul, electrical systems and equipment, diesel fuel systems, 
vehicle inspections, and power trains/automatic transmissions. The 
JMRCC contains assignments and perforated answer sheets corresponding 
to the chapters in the RTM textbook. Assignments in the NRCC include 
learning objectives, supporting items designed to lead the student 
through the RTM, and self -test items. (KC) / 
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Although t^je words "be," "him," and 
"his" are used sparingly in this manual to 
enhance communication, they are not intended 
to be gender driyen nor to affront or discrimi- 
nate against anyone reading Construction 
Mechanic 1 & C, NAVEDTRA 10645^. 



PREFACE 



The ultimate purpose of training Naval personnel is to produce a 
combatant Navy which can insure victory at sea. A consequence of the 
quality of training given them is their superior state of readiness. Its result is 
a victorious Navy. 

This Rate Training Manual and Nonresident Career Course 
(RTM/NRCC) form a self-study package that will enable Construction 
Mech^nifs First and Chief to help themselves fulfill the requirements of their 
rating. They direct and coordinate efforts of individuals and crews in main- 
taining, repairing, and overhauling automotive, material-handling and con- 
struction equipment, including automatic transmissions; maintain records, 
prepare reports, conduct training, supervise safety; and coordinate tasks 
assigned. 

Designed for individual study and not formal classroom instruction, the 
RTM provides subject matter that relates directly to the occupational 
standards of the Construction Mechanic. The NRCC provides a way of satis- 
fying the requirements for completing the RTM. Assignments in the NRCC 
include learning objectives and supporting items designed to lead the student 
through the RTM. . 

This RTM/NRCC was prepared by the Naval Education and Training 
Program Development Center, Pensacola, Florida, for the Chief of Naval 
Education and Training. Technical assistance was provided by the Naval 
Facilities Engineering Command, Alexandria, Virginia; the Naval Construc- 
tion Training Center, Port Hueneme, California; the Naval Construction 
Training Center, Gulfport, Mississippi; and the Civil Engineering Support 
Office, Port Hueneme, California. 
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THE UNITED STATES NAVY 



GUARDIAN OF OUR COUNTRY 

The United States^Navy is responsible for maintaining control of the 
sea and is a ready force on watch at home and overseas, capable of 
strong action to preserve the peace or of instant offensive action to 
win in war. 

It is upon the maintenance of this control that our country's glorious 
future depends; the United States Navy exists to make it so. 
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WE SERVE WITH HONOR 

Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the 
watchwords of the present and the future^ 

At home or on distant station^we serve with pride, confident in the 
respect of our country , our shipmates, and our families. 

Our responsibilities sober us; our adversities strengthen us. 

Service to God and Country is our special privilege. We serve with 
honor. 
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THE FUTURE OF THE NAVY 

The Navy will always employ new weapons, new techniques, and 
greater power to protect and defend the United States on the sea, 
under the sea, and in the air. 

Now and in the future, control of the sea gives the Uriited Steves her 
greatest advantage m for the maintenance of peace and for^fctory in 
war. 

Mobility, surprise, dispersal,' and offensive power are the keynotes of 
the new Navy. The roots of the Navy lie in a strong belief in the* 
future, in continued dedication to our tasks, and in reflection on our 
heritage from the past. 

Never have our opportunities and our responsibilities been greater. 
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CHAPTER 1 

ADMINISTRATION 



As a*OvIl or CMC, you will have many 
responsibilities added to thos^ which you had as 
a second class petty officer. You have acquired a 
lot of valuable knowledge and now it is your 
turn to pass ort the technical know-how of your 
job to othersi In addition to supervising and 
training lower rated personnel, you must*be able 
to perform various administrative duties, such as 
preparing official correspondence, maintaining 
company records and reports, and administering 
a company accident prevention program. 

The type of activity to which you are* 
assigned will determine just how ydta carry out 
your administrative responsibilities. But, the 
ability to plan and organize your work,.to apply 
effective techniques of supervision, and to get 
along with people will help you sijcceed in the 
l4avy no matter to what activity you are 
assigned. 

THE PERSONNEL READINESS' 
CAPABILITY PROGRAM 

The Personnel Readiness Capability 
Program (PRCP) is a management *too v l now 
used throughout the active and reserve Naval 
Construction Force (NCF). Its purpose is to 
provide managers ^at all levels of the'NCF with 
timeily personnel information which will increase 
their capabilities in planning, decision making, 
and control. ? 

Before PRCP^I^ls developed, personnel 
information was kept on an "as required" basis 
by various members of the unit in personal 
notebooks, files, and records. This information 
was collected as management required it to 
determine military and construction capabilities, 
training requirements, logistics support, etc. The 
collection of this information was usually a 



time-consuming, laborious task that required a 
piecemeal inventory of the command's 
capabilities or requirements. Another way of 
getting this information was through the use of 
rough estimates. Neither way, however, 
produced the accuracy or rapid response 
desired. PRCP has helpeti to do so by 
establishing standard procedures for identifying, 
collecting, processing, and utilizing this 
information. 

The Personnel Readiness Capability 
Program requires each participating command 
to gather and continuously update information 
on each member of the unit. Most of this 
information concerns skills acquired through 
actual job experience or through some type of 
training program. Other information, such as 
expiration of enlistment or rotation date, is 
required for accurate planning. The gathering of 
this other information is called a SKILJ/ 
INVENTORY. 

SKILL INVENTORY 

An accurate and current skill inventory is the 
backbone of PRCP. Without it, the reliability of 
anyjplanning based on information stored in the 
PRCP DATA BANK is questionable. Presently, 
all PRCP skills and other data are based on 
requirements established by COMCBPAC and 
COMCBLAN*t and promulgated in their joint 
instruction of the 1500.20 series. Additionally, 
these skills have been conveniently classified into 
five major categories: 

(1) Individual General Skills . These are 
essentially nonmanipulative skills (knowledge) 
related to two or more ratings, such as material 
liaison office operation, instructions, and safety 
inspections. 
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(2) Individual Rating SkiHs . These are 
primarily manipulative skills associated with one 
of the seven Occupational Field 13 
(Construction) Ratings, Some examples are: 
light frame construction for Builder, cable 
splicing for Construction Electrician, and shore- 
based boiler operation for Utilitiesman. 

(3) Individual Special Skills, These are 
technical skills performed by several ratings, 
including those other than Occupational Field 
13's; for example, forklift operation, ham radio 
operation, or typing. 

(4) Military Skills. These are further 
classified into two subcategories: General 
Military Requirements and SEABEE Combat 
Readiness . Examples are disaster recovery 
training and mines and booby traps. 

(5) Crew Experience Skills . These are gained 
by working with others on specific projects. 
Most of these projects are related to advanced 
base construction, such as steel tank erection, 
pile driving, and Short Airfiekf for Tactical 
Support (SATS) installation. 

A skill inventory has three principal steps. 
First, each skill is closely defined so that each 
person will give it the same meaning. Second, a 
standard procedure for obtaining the informa- 
tion is developed. This procedure helps to insure 
that the information, regardless of where it is 
collected or by whom, will meet certain 
standards of acceptability. The third and last 
step is the actual collection of the skill data and 
includes the procedures for submitting the data 
to the data bank. 



Skill Definitions 

A manual, PRCP NAVFAC P-458, Volume 
I Skill Definitions, contains a definition for 
every PRCP skill identified in the Personnel 
Readiness Capability Program. Each definition 
has been jointly approved by COMCBLANT, 
COMCBPAC, and COMRNCF (Commander 
Reserve Naval Construction Force) and applies 
to the entire Naval Construction Force. • 



PRCP Standards and Guides 



The skill definitions alone do not contain 
sufficiently detailed information to accurately 
classify people, nor do they provide any 
classification procedures.. Recognizing this, the 
Civil Engineer Support Office (CESO) 
conducted special SEABEE workshops where 
NAVFAC P-458 Volume II-PRCP Standards 
and Guides were developed under the guidance 
of CESO. This volume consists of seven separate 
manuals— one for each SEABEE rating. The 
PRCP Standards and Guides are the principal 
tools used in collecting and updating skill data. 
By following the interviewing procedures in the 
Standards and Guides, a trained interviewer is 
able to classify people to a predetermined skill 
level within an acceptable degree of uniformity. 
Also, by having a thorough knowledge of the 
tasks required of each skill, anyone so 
authorized can classify others to an appropriate 
skill level by actually observing them perform 
the tasks, either in training or on the job. 

Skill information obtained from interviewing 
or observing is -submitted to the Facilities 
Systems Office (FACSO), Port Hueneme, 
California on a special form known as a PRCP 
SKILL UPDATE RECORD (fig. 1-1). It is only 
necessary to mark the appropriate skill le^ls 
attained, then send a copy to FACSO— where 
the data bank* is maintained— and retain a. 
designated copy at the unit level. ComvgXe 
instructions and information for using /rhe 
PRCP reports, as w^ll as other PRCP data 
processing information, can be obtained from 
the training of fice* of the units participating in 
the program. , . 

As a crew/squad leader, you are directly 
responsible for using the PRCP Standards and 
Guides to interview your personnel (or others) 
and *to provide the initial information for the 
. PRCP data bank. Subsequent UPDATING of 
this initial information for each person is based 
on either performance on the job (which you 
observe) or performance at a school. New 
personnel, however, and others returning from 
long periods of certain types of shore'duty, may 
require interviewing. 
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FACSO RPT'SYM NO 04040 82060R0I 
GEM^REPORT NO 1200 0 

NMC8 3 



PRCP SKILL UPDATE RE.CORO 



UlC 5S103 



FOR OFFICIAL USE ONLY 
81 OCT 15 



COMPANY 8 



570 -49-4561 CMUA FRANK SIMMS 



PlsiEC 0000 



SKILL CATEGORY 



SKILL Tl TLE 



SNEC 0000 

SKILL SKILL SKILL 
COOE LEVEL YEAR 



TNEC 000O • 



GENERAL 
BUt L DER 



SPECIAL 
MILI TARY 



CREW SKILLS 



OEnERAL MATHEMATICS 
WOODWORKING AND MILLWORKING 
FORMING AND REINFORCING * 
MIXING PLACING & FINISHING CONRETE 
MASONRY UNIT CONSTRUCTION 
LIGHT FRAME COnS*T RIXS Tl On 
ROOFING 

Finish Carpentry ✓ 

plastering 

heavy construction 

Painting and preservation > 

GLAZING ' » 
DRIVERS LICENSE 

BASIC MILITARY * 

^4^16RIFLE \ 

coj^&at communications 
Disaster recovery, nbc team 

DISASTER RECOVERY CnTrl COMMNCTN 

tent Camp'CantOnmEn t 
PRE-ENGlNEEREO metal structures 
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INSTRUCTIONS: 

I. DET TEAM CHANGE - VALID EX TRY IS TWO 

POSITION ALPHANUMERIC 
2 ADD CHANGE SKILL - ENTER SKILL CODE AND 

SKILL -LEVEL I, 1, or 3. / 
3. DELETE SKILU - ENTER SKILL COOE, LEAVE 

SKILL LEVEL&LANK 

FORWARD CHAN GES TO CBC PORHUE, CODE 18112 



EFER to NAVFAC P- -458 (STANDARD & GUIDES) 
FOR SKILL CODES 
SKILL YEAR IS COMPUTER GENERATED AND 

IDENTIFIES YEAR SKILL LEVEL ASSIGNED. 
SHELF LIFE WILL BE COMPUTED FROM SKILL YEAR 



Figure 1-1.— PRCP Skill Update Record. ♦ 
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FRCP INTERVIEWS 



There are two types of PRCP interviews. The 
first and most important is the INDIVIDUAL 
RATING SKILL INTERVIEW. The second 
type .is simply called OTHER INTERVIEWS. 
Both types require the use of the PRCP 
Standards and Guides. 

Rating fekill Interviews 

y 

In conducting an individual rating skill 
interview, the interviewer uses a discussion 
technique to classify other SEABEES in the skill 
levels of the various individual rating skills. This 
technique requires a thorough understanding of 
the skills and tasks defined in the Standards and 
• Guides. Since few individuals possess- the talent 
required to interview in all the skills of a rating, 
the interviewers must be mature enough to 
recognize their own limitations and be willing to ' 
seek assistance from others in their ratings. 

Other Interviews 

Other interviews are used to classify people 
into the individual general and special skills, 
military skills, and crew experience. With only a 
few Exceptions, these skills do not require an 
experienced interviewer; and in many cases, skill 
levels can be assigned to individuals on the basis 
of their service or training record. This should 
be* done whenever possible to cut down on 
interviewing time. Then, when the person is in 
for interviewing, it will be just a matter of 
verification or of updating. 

USING THE STANDARDS AND 
GUIDES FOR INDIVIDUAL 
RATING SKILLS 

When assigned as an interviewer, you must 
obtain, read, understand, and use the PRCP 
Standards and Guides. The format is standard. 
After the SKILL TITLE, you find the contents, 
SKILL DEFINITIONS and the TASltS which 
ay: broken down into TASK ELEMENTS. (See 
figs. 1-2 through 1-4.) 
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Skill Title .and Contents 

The title identifies the skill. For example, 
figure 1-2 identifies the Individual Construction 
Mechanic Skill of 325, Engine Overhaul. The 
number 325 is a numerical code for this Skill. f 
The CONTENTS can be used to insure that 
there are no missing pages. The skill definition 
will always be listed first and directly under it » 
will be .1 Skill Level 1. The tasks are listed uncier 
each skill level. You must interview each 
candidate to see if he or she is qualified for that 
level. 

♦ • ✓ 

Skill Definitions 

Figure 1-3 illustrates an individual rating skill 
definition. This definition of engine overhaul is 
a statement of tasks to be performed! at each skill 
level. 

There are one, two, or three skill levels, ♦ 
depending upon the complexity and number of 
Vthe tasks. Each levet within a given skill is more 
\lifficult/to attain than the previous one. # 

The purpose of the skill definition in the t 
Standards and Guides is to introduce the skill 
material to the interviewees. Jn faqt, you begin 
your interview by reading the skill definition. If 
the interviewees ,'say they can do the related 
work, you may continue with the interview for 
the skill level; how ever, if they .say they can NOT 
do the work, it is obvious that you should go on 
to some other skill. 

Task and Task 'Elements,, 

' A TASK is a specific portion -of the overall 
skill level. Some tasks cover relatively broad 
areas; others are quite specific and brief. Each -\ 
task is further broken down into several smaller 
jobs called t^sk elements. 

A task element is a basic part of each task. 
When interviewing, you will use the task 
elements and their related ACTION 
STATEMENTS to determine the interviewee's 
qualifications. 

Action statements tell you the type of 
information you should get from the person 
being interviewed. Each action statement is 

1 o 
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Skill Num be? 
325 
332 ; 
334 
345 
355 



365 
?75 
385 
395 
3>6 
325 



. ' , LIST OF 

• STANDARDS AND GUIDES 
FOR 

' INDIVIDUAL CONSTRUCTION MECHANIC SKILLS 

• * Skill Title ' Page 

Engine Overhaul ..*../. * 3-22 

Engine Tune-up (Gasoline). . . . . . \ . 3-30 

Engine Tune-up (Qiesel). . . . : i ....... . 3 42 

Equipment Electrical . r 3-58 

^qiriiment Power Train. ... . 3-70 

Equipment Chassis . • 3-82 

Cost Control (Automotive »and Construction Equipment) /3-99 

Repair Parts. S'toreman , 3-101 

Stationary Diesel Engine Mechanic 3-lt}4 

Radiator Repair. 3-104 

Engine Overhaul * * 



CONTENTS 

325 ' Skill Deflation . 

.1* Skill Level 1 ' + 
* • 

.01 Remove and replace external engirte cpmponents 

.0< Disassemble, inspegt, 'repair, and assemble external engine components 
.2 Skill Level Z • . • 

.01 Disassemble, inspect, **ep*jr, and reassemble the balsic engine 

v 

.02 Disassemble, inspect, repair, and reassemble external engine components 
.03 Operate engine rebuild shop equipment 
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Figure 1-2.— Example of Standard* and Guides and Contents. 
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SKILL DEFINITION 



NOTE 



u, Skill Levels include automotive, weight handling, materials 
handling, construction and stationary equipment. 

Skill Level 1: Individual must perform engine repairs to the extent of removing 

and replacing cylinder heads, intake, exhaust, and water manifolds, 
water pumps, thermostats, cooling fans, blowers, turbochargers, 
• y oil coolers, precombbs^jon chambers, clutch housing^and engine 

mounting brackets; disassemble, inspect, repair, ar$ assemble 
valve mei'hanisms and theiV associated component?; and recondition 
valves, \telve seats, aujd Valve guides using test and 
reconditioning equi[jmenty 

SkiTl Level ^T^Skill Level 1 plus completely disassemble and clean engine block 
and its comment parts, visually inspect for damage; measure all 
wear and frjMion surfaces for wear using measuring instruments; 
hone cylinder^counterbore for and install valve seat inserts, 
rebuild water and oil pumfrs; align connecting rods; fit piston 
pins, pistons, piston rings, and bearings, replace all defective.* 
^ worn parts and assemblies; assemble engine insuring correct 
toferances and adjustments;, and test run. 



Skill 'Level 



3: Not applicable 



Figure 1-3.— Skill definition. 
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identified in the Standards and Guides by a 
capital letter (A, B, C, etc?). The number of 
statements varies from task to task. A matrix is 
used to show how the statements relate to the 
task elements. 

To illustrate the matrix, refer to Task 
Element .01 (See fig. 1-4.) "Remove and replace 
the following: Extend a Hne to the right and note 
the matrix. You will find an X Under cplumns H 
and I, indicating that action statements H and I 
are to be applied to these task elements. 



STEPS FOR INTERVIEWING 



/ 



When interviewing, you should first try to 
put th6 interviewees at ease. A good way of 
doing this is to explain the purpose of the 
interview.* For example, the interview will: 

a. LetTKe^nterviewees know what they are 
actually expected to know and to do. 



b. Determine what the interviewees can 
^ actually do so they can be assigned to the right 
job. 

c Determine tjie interviewees' deficiencies, 
so that they can be programmed to receive 
proper training. * 

Next, explain to the interviewees that the>r 
should discuss what they know of the skill 
honestly and that *hey should NOT be 
embarrassed if they do not know every item 
covered in the Guides. 

Tell the* interviewees what skill and skill level 
they are being interviewed for. Read the skill 
definition, as suggested previously, to see if the 
interviewees know the subject. 

Task Interviewing 

Begin interviewing by reading the skill 
definition again.^ This helps interviewees to 
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325.1.01 TASK: Remove andreplace external engine components. 




Apply these ACTION STATEMENTS to the TASK ELEMENTS listed below: 

A. Describe the sequence of steps of this procedure and explain 
the reasons for each N , ' 

B. List sjjgw^ant tools/equipment used in this procedure. 

C. Des/ribe principal -materials used in this procedure. 

D. ft/scuss the parameters of this procfe^ure. 

Describe indications that would be 6Fs?rved during th.is 
procedure. s 

Describe^assistance required while performing this procedure. 

Explain results if this procedure, is not performed properly or 
if it is neglected. 1 



TASK ELEMENTS: 



H. Discuss safety - precautions to be observed7~ — -- : 

I. Perform the steps of this procedure when practical. 

_ABCDIF6H_I 

X X 

X x x yfi X 



.01 Remove and replace the'follQwing: 



/ 



a. Cylinder heads. 

b. Manifolds. 

1. Intake. 

2. Exhaust. 

3. Water. 

c. Water pump and fan. 

r 

d. Engine mounting brackets. 

e. Turbochargers. 

f. Blowers. 

g. Oil coolers. 

h. Clutch housing. 



r x 
' x 
x 
x 

x fx 

x x 
x 

x x 



x *x 
x x 



X^» 

X 
X 
X 
X 
X 
X 

X"" 
X 



Figure 1-4.— Example of Task and Task Elements. 
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concentrate. The task should be rephrased: 
"The first thing jve will discuss in Engine 
Overhaul is the setup, use, and care of items in 
the NMCB mechanics shop and toolkits/ ■ Then 
read the first TASK ELEMENT, (.01 Remove 
'and replace the following:). When applied to 
action statement H (Discuss safety precautions 
p to be observed), it goes something like thkr 

"EJescqbe the safety frred^utions 
should follow when removing'and'repiac- 
ing the cylinder head." f 

As you can see this is not a. question. It is a 
statement directing interviewees to tell whajt they 
know about the safety pEecautions used in 
preparing to remove or replace the cylinder 
head. Th^re are no questions in the PRCP 
Standards and Guides; therefore, no answers are 
provided. The Standards and Guides point out 
~THe areas~lo ^e discussed (in terms W task 
elements and action statements), ahd the 
interviewees' replies are evaluated by the 
interviewer on the*basis of personal experience, 
knowledge, and judgment. 4f 

It should be obvious now why all rating skill 
interviewers MUST be experienced in all skills 
for which they will interview. The only way you 
can determine whether an interviewee knows the 
task element is to know it thoroughly yourself. 
If you are unfamiliar with, or "rusty in, M any 
tasks in the Standards and Guides, study them 
thoroughly before attempting to interview 
anyone. Also, if you do not understand how a 
particular action statement is used with a task 
element, find out before interviewing. Discuss 
the probl em w ith others who are familiar with 
the skill. 

< Discuss only the task element with the action 
statements indicated in the columns of the 
matrix. F«r example, in figure 1-4 only action 
Statements H and I are used with task element 
,01 and, ijjf task element .01 g., only action 
statements A, C, E, F, and G. 

As an expert in the skill, you will probably 
have a desire to "ask questions" in tasks not 
.covered by the Standards and Guides. This must 
be avoided as then there will be no standard. If 
you feel strongly that the Standards and Guides 
can be improved, discuss your recommendation 
with the PRCP coordinator. 




Scoring Interviews ^ 

If interviewees have an NECjn the skill for 
which they are being interviewed, they are 
automatically assigned to that skill level without 
being interviewed for any of the lower skill 
levels. When interviewing, use a positive 
* .approach. The interviewees either do or do NOT 

c HxTow thejskiH. The decision is left up to the 
jnterviewej. All TASKS myst be accomplished 

' for each skill level. The results of the interview 
are then introduced into the PRCP system^ 

ADMINISTERING A COMPANY 
ACCIDENT PREVENTION PROGRAM 

Each command is,, required to establish a 
safety organization to develop, organize, and 
direct a comprehensive accident prevention 
pro^pam and to provide for the promulgation 
ancf enforcement of safety precautions and safe 
construction techniques. The safety program is 
usually under , the direction pf a SAFETY 
OFFICER, designated by the commanding 
officer. The safety officer has the authority to 
take immediate steps to stop any operation 
where there is impending danger pf injury to 
personnel or damage to equipment or material. ^> 

The safety officer lays out the .safety 
program after conducting job analyses and 
consultations with the supervisors in charge of 
the various phases of construction. > 

Under the direction of the safety officer, and 
with the assistance of the safety chief, each 
company is required to administer an accident 
prevention program. As a CM1 or CMC, /ou 
may be" appointed to administer ALFA 
Company's accident prevention program. 

SUPERVISION AND SAFETY 

Safety and production go hand in hand. 
Supervisors should consider the safety, health, 
and physical welfare of their personnel as one of 
their chief responsjbilities. 

In teaching a new job or operation, always 
emphasize the safety measures that apply. In 
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planning your jobs, make sure you keep safety 
in mind; do not wait until after an accident to 
teach |tfety. Remember that a lost-time injury 
means a nonproducer, an^ a high-accident rate 
certainly will not reflect favorably upon your 
ability to supervise. To show concern over the 
health and physical - welfare of your 
crewmembers not only will pay off in 
production, but also will enable you to earn theic 
respect. 

Some pointers that will be useful in 
preventing accidents are outlined below: 

m 

A. Size up the job. 

1. Analyze the shop and spot the 
hazards. . <■ \ 

2. Review the previous accident 
experience in the shop. 

3. Get help, if needed, from your 
^ , company officer. 

B. Plan to control the hazards. 

1. Weigh means for controlling the 
hazards. 

2. Select the right methods and the right 
personnel for the job. 

3. Decide on the proper tools and 
. equipment. 

4. Check for protective equipment 
needs. 

. C. Work your plan. 

1. Make specific work assignments and, 
give instructions. 

2. Check to see that everyone 
understands what is expected of them 
affti that they do it. 

3. Remove hazards or protect the crew 
against them. 

4. Insist on safe practices. 

D. Check results. 

1 . Was the plan followed? 

2. How could the plan have been 
improved? 

3. What hazardous conditions or work/ 
practices, if any, need further 
attention? 



SAFEGUARDS AND 
SAFETY EDUCATION 

Many supervisors feel that it is only 
necessary to provide safeguards; then safety will 
take care of itself. Provision of safeguards \s a 
move in the right direction, but it alone will not 
get good ' results. To maintain a good safety 
record, you, as the supervisor, need to employ a 
combination of safety devices and safety 
training. If all your crewmembers have had 
sound safety training, they will be able to guard 
against even those hazards where safety devices 
are impracticable. You must, however, train 
them in the use of safeguards, explaining why, as 
well as how, they should be used. How many 
times have you seen a crewmember shut off the 
power on a machine and then walk away from it 
before it has stopped turning? Such a person 
misuses a safeguard, but does not know why. By 
providing the necessary training, you, as an alert 
supervisor, must make sure that such careless 
uses of safeguards do NOT happen again. 

Standup safety meetings should be held in 
the shop once every wefek. The meetings should 
be held at or near the* work area.. Instead of a 
routine safety lecture, it is much better to hold a 
group discussion on specific accidents that are to 
be guarded against or that may have happened 
in the unit. Crewmembers should be encoural^ 
to express their ideas. A group conclusion about 
how specific accidents can be prevented should 
be reached. 

In another type of safety meeting, you 
present a safety problem that has developed 
because of new work or new equipment. Again, 
crewmembers should be invited to express their 
ideas. 

In a third type of safety meeting, actual 
demonstrations and practices by the group are 
carried out. You might demonstrate how to lift, 
and then have the crew practice lifting. Also, to 
make the reason for lifting in this manner more 
realistic, a little lesson on the classes of tools and 
a little problem in ratio and proportion should 
prove interesting. 

If you are demonstrating how to use a 
forklift — brihgjn a forklift and use it— do not 
just talk about how to use it. Then, again, let the 
crew practice. 
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Making these meetings interesting is of the 
utmost importance. You should not complain or 
scold, and the meetings should be limited in* 
time. The^subject matter should be thought out 
carefully in advance, and it should be timely. 
Considerable ingenuity is required to keep these 
meetings from degenerating into dull) routine 
affairs. Some supervisors have the crewmembers 
themselves rotate as leaders of, the safety 
meetings— an excellent way to maintain interest, 
Hundreds of good motion pictures and other' 
visual aids are availably on safety subjects. Use 
them! 

As company safety administrator, you are 
required to stibmit safety meeting reports 
periodically to the safety chief. You must keep a 
record of all meetings conducted ^within the 
company. Information' required for this report 
will include the topics -discussed, the number of 
personnel attending, and the length of the 
meeting. 

SAFETY INSPECTIONS 

To do your part in the administration of the 
safety program, you must know the safety 
precautions which apply to the various types and 
phases of construction involving personnel and 
equipment. Furthermore, you mustcafry out the 
recommendations of the safety oMcer, which 
usually include the following: jjr 

1. Promulgate and enforce all safety 
regulations. 

a. Safety shoes must^be worn in the 

shops. 

b. Eye protection is essential when you 
are grinding or welding. 

2. Instruct and drill your crewmembers in 
safe practices. 

3. Caution your crew with regard to 
occupational hazards. 

4. Inspect work areas regularly. 

5. Assign crewmembers to jobs that are not 
beyond their technical and physical capabilities. 

6. Report accidents, $na$ze them, and 
recommend appropriate action to prevent 
recurrence. 



ACCIDENT REPORTING 

As the shop or company safety 
representative, you will asTist in obtaining 
information in cases of bodily injury and motor 
vehicle accidents. The information provided 
here will familiarize you with procedures and 
forms. The safety officer will have access to the 
complete manuals. An accident report is 
required when an injury or a fatality occurs or 
damage exceeds three hundred dollars. 

Bodily Injury 

When an accident occurs in your shop, 
office* or within your crew,- you must fill out an 
OPN^V Form 5102/1 Accidental Injury/Death 
Report (figs. 1-5 through 1-8). This form pro- 
vides a method of recording the essential facts 
concerning an accident, from which data for use 
in accident prevention can be compiled. Item 
33— (shown in figure 1-6) * 4 Corrective action 
taken/recommend"— is the most important part 
of this report. Your response to this item 
provides a clue to your attitude toward safety. 
Too many supervisors respond with, "The 
crewmember was warned to be more carefuJ.'V 
Such a response is useless since it does not tie in 
with the rest of the report. If an unsafe working 
condition is the cause of the accident, you will 
NOT correct it by warning the crewmember to 
be more careful. Study the report; analyze it; 
then take corrective action. When properly used, 
this report is one of your best accident 
prevention tools. In many cases, the difference 
between a minor accident and a major one is a 
matter of luck. Do not ignore accidents that 
result in small cuts and bruises; investigate the 
reason for them and correct the cause. If you do 
this, you will have a safe and efficient shop or 
office. 



Motor Vehicles Accidents 

4 

For the purpose of accident reporting, a 
vehicle Is considered to be any mechanically or 
electrically powered device by which any person 
or property may be transported. The load 
carried on a motor vetyfcle is considered a part of 
the vehicle. 
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Figure 1-8.— Accidental Injury/Death Report, OPNAV Form 5102/1. (Page 4 of 4.) 
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\ 



MM 

c 



] 

h 
1 I 



if crwtR »«fvttOR rcnoM «uu«o ham jtatuott? as to^uk or Accwtrr **• ixtcntot runout « r 
cwt^amaoc «un cowvtWTici an* u«r a*o ***** m j or om « mcakm hcm *r*riMtrrj 



/ 



AtAitlo *V 



t / 



V^MlCLt UCtMC «UMM« 



IN. MDKATI BY PUCtAM MtOV WHAT HAPftMCOi 

I N«b« P*4m! >*Utl« m l-KUt n l.^H^t J Mm* f+nM»m by 




Mt*M Mftfc If MM* to CM* cbcW | 



= 5 



HA v« vpo AMtwCMD ALL OUCTTtOM* »I COMr>UT> LV At POMIMJCf 



1W.96.2 



Figure 1-10,— Accident Report, SUfndtrd Form 91. (Reverse.) 

' > 



07 



CONSTRUCTION MECHANI 



ll^ljfe C 



MOTOR VEHICLE ACCIDENT RETORT 
OFNAV 5)02/3 (6-76)co«mcTio oofy %m 

0107 LMXKSX 



FOR OFFICIAL USE ONLY 



TO* COMMANDER, NAVAL SAFETY CENTER. NAVAL AIR STATION, NORFOLK, VA 23511 



REPORT SYMIOL OPNAV 6102-4 



A Complete instructions for fillift| out th* form ire con tuned in OPNAVINST 5102 I 

\ The entire form may be hand printed Legibility isimporunt 

C Where Mocks art provxkcTfor the individual characters of the dais follow these rule* 

(1) If the entry is letters place the first letter in the kff«h4»d Mock 

(2) If the entry is a number place it so that the last dun a m the njht-hand Nock 



CAUTION Emun c*mp4unc» writ th# rtqutrwrfoH 
of tht FTtVacy Ad 9t 1174 prior to rtcordmf ptrsonnal 
4m (3m pan 204b if mauctton.) 



THIS SPACE FOR NAVSAFECEN USE ONLY 
YR MO DAY LOO LI 

CVf NT 
DATE 



TRANSACTION 



SECTION A -GENERAL 



M 



» REPORTING ACTIVITY 'Omit VS. *rd VSSf 


\l SHiPTYPE/HUILNO! 


1 utc 


4 REPORT SERIAL 




1 







SECTION I - ACCIDENT LOCATION 



S. TYPE ACClOENT 



4 STREET/HJGMWAY 


7 CITY/COUNTY 

\ , STATE 


4 ONIASE 


t ACClOENT DATE 


1CX TIME 














* 


3i In 1 23 1 w 1 



ACClOENT 

¥ V|S 
H NO 



13 AT iNTE RSECTION WJTM ftirttt/k*k+m,j 



»1 KINO Of LOCALITY 
i a M*GA,tNOV$TRv 

a SHon/auaiNiss 
r*"H c "HW* aL 



I >AMM/VNOCVflC*t0 
» *A*tt/CAM*1NG 



14 LOCATION faof ixttrxtcusn/ 



it. Light conOition 

A DAvLlGXT 
I OAWN 
C OUSK 



0 0A*<f*«rt *ufit»t 

1 OMR 



SECTION C - VEHICLE/ROAO OATa 



17 WEATHER CONDITION 

A CCIAR I ClOUOY 

AAiN Z 0T*I* fJWW 

SNOW 



A < 

I 1 1 

C 1 



11 VEHICLE NO 


It MAtttfW *Wt acV 


. YEAR 


20 UOOEL/Au* £*n «c/ 






1 30 | 31 





21 roao character 



n VEHICLE category 



y 



A AVtATlONGSI 
I MAT L HANDLING 
C CONSTRUCTION 
©COMMON VI HlCtl 



24 ROAO CLASSIFICATION ' 



27 ROAOOEFECTS 



ZX VEHICLE LICENSE NUMIER 



24 ROAO SURFACE 
CONDITION 



b_,, '| CONDITION I i 
by L2 \K 



24 VEHICLE OEFECTS 



24 TRAFFIC 
< CONTROL 



y 



30 PRE-ACClDENT 
ACTION 



SECTION 0 - OPERATOR OaTA 



y 



21 VEHICt 


.E NO 

w 




32. HAUtf/A 
13 I 13 | 14 








33 SOCIAL SECURITY NUW4ER 
I II II III 


34 AGE 




31 SEX 






111 1l| 17 | 1l| 11 | 20 | 21 | 2} 


N 


24 21 24 


37 I 2t 1 » I 30 I J1 1 32 


33 1 34 1 31 


1 34 37 


34 RANK/RATINQOR 
SERVICEORAOE 


CIVIL 


37 OISIGNATOR/NIC/CS 
OCCUPATION COOE 


34 


EMPLOYMENT 
4TATUS i 


34 OUTY STATUS 


40. OUTY STATION OR ADDRESS 



44 YEARS DRIVING EXPERIENCE 



• ALL TYftl I 
VIHICLU f 



10 M 10 ICAL FACTOR 



44 OPERATOR 
FACTOR | 



II COMMUNICATION FACTOR 



44 L04T WORKDAYS 



A AWAY 
PROM 



47 VISION 04SCURE0 



y 



41. UlC 

| 41 | 42 | 42.J 44 | 41 


42 PARENT TYCOM SYSCOM. OR lUREAU OF 
OUTY STATION 


41 PROPS PI LY 
| | LICENSED 

ran 


f44 OPERATOR LICENSE NO 


STATE 








l 47 1*1 | 



44 ItHAVtORAL 

_ factor i 



44 jo 1 disposition 



171 OltAttLlTY /OWetMMrpMteM*; 

[~] ft AM AN INT TOTAL 

["") hRmancnt PARTiAl ' 



44 TRAINING/IXPlRllNCt FACTOR 



R RESTRAINT SYSTEM 
II ^ iNTTaLlIO I 1*10 I I C LUCTIO | j 

:„J£] I LmJ LiJ LulL 



17 A MEDICAL OtAONOSlf FROM MEDICAL OtPARTMENT 
lltschtdihtdypm) 



FOR OFFICIAL UtC ONLY 



ERIC 



Figure Ml.— Motor Vehicle Accident Report, OPNAV Form 5102/3. (P«ge 1 of 4.) 

'- 18 . oo . 



2.536.1 



Chapter 1— ADMINISTRATION 



ERIC 



MOTOR VEHICLE ACCIDENT REPORT (Continued) 

OPNAV 1)02/3 (1-71) COWUCTIO COTV ft777 1 

t/Notg; lf«i-02» fon official utE only 



REPORT SYMBOL OPNAV 1102-4 



SECTION E - OTHER PERSONS INJURED/KILLED 



NOT APPLICABLE Q 



U VEHICLE NO 

V hH 




M. UOUINCCNC 






•0. NAME (Uu.fllt.MritJ) 








1 1 1 






• 1 


SOCIAL SECURITY NUM*E' 

1 1 I" 1 1 










'* 




La 


» 










23 | 24 


2S | 2t 


J' 


2» 


M 


30 


31 


32 








IT 





STATION OR aOBKW 



74 RESTRAINT SYSTEM 

yA iMTALLCO ft U»U \C LlCCTfD L—J 
I MM I *2 I ' 1 *j| 



I l 44 1 41 1 41 



to parent tycom syscomor*ureauofouty 

STATION 



7) ORINKING 



77A MEDICAL DIAGNOSIS FROM MEDICAL DEPARTMENT (I/tch**t Wv p~l> 



71 LOSTWORKOAYS 



U v ~ u 



7* X)t OlSPOSlTtON 
rVw tfVu/>V 



77i OlSAHLlTv 'OfC/t^wP^^frfr 

Q »(*MAN{NT YOTA<. 
Q PgflMANfNT * AWT i At 

Qnoni 



jy 



U VEHIC 


Lf N" 

h 


3 

H 




t* SEQUENCE H 


0 




10 HAMKLut.frtt initial} 
1 1 1 1 1 


















• 1 


SOCIAL SECURITY NUMIER 










- 


•3 


14 | 15 |t« 








20 | 21 




- 






- 




2f 




50 


3- 


3* 













_y_ 



M RANK/RAT ING OR CIVIL SERVICE GRADE 



*S OESlCNATtON/NEC/CSOCCUMT.ON 
CODE 



M EMPLOYMENT 
STATUS 



0 I «7 OUTY STATUS 



74 RESTRAINT SYSTEM 



UA INTTALLCO I I S UCIO I |c EjCCTEO I J 
\n r*7i Mai 



77A MEOlCAL DIAGNOSIS FROM MEDICAL DEPARTMENT flnctuJt My part) 



75 LOSTWORKOAYS 



wO*k M M 5* 



ft* OUTY STATION OR AODR ESS 


UIC 


70 parent tycom syscomqriureauofouty 


71 OR IN KING 


72 INJURY 






STATION 


y : - 


M 




«3 | 44 1 4f| 4«| 47 







7* JO* OlSPOSlTlON 



77* OlSAIiLITV iOi«* mottpr»t*t>lti 

[j »t*MANI*T TOT At ^ Q » 

pj pCMMaMnT *A*TtAl 



SECTION F - MOTORCYCLE DATA 



NOT APPLlCAltE 



□ 



7* VEHICLE NO 



hum 



7* WINDSHIELD 



I A INSTALL! D 
I • MOT iNCTAllifr 
j C *W» AMMO 



P I A FAJTtNtO C 'AILCO 

la motfastineo o notwqmn 



1 4 


P> 1 


11 


id 



A A*t>*OVlO 

t NOT A***0VtO 

C NOT VVC*N 



•2 FACESHIELO 

14 | • | A WORN 
( I I NOTWO*N 
it ,» c T '* T «° 



M> REFLECTIVE MATERIAL 

I 4 \ » ! A HILMIT 
j I I CVOThiHG 

j 7S ( 2* I ** mUmit triOTMiwCi 



SECTION G - PEDESTRIAN DATA 



NOT APPLICABLE I 



•7 VEHICLE NO 


M SEOUENCE NO, 


M ACTION 


•0 CLOTHING 


II *EHAVIORAl FACTOR 


•2 MEOlCAL FACTOR 


•3 COMMUNICATION 




LLa_ 


hr 


hr 


l'*l" 


/ H~ 


FACTOR 

l 20 l 21 | 








! ill it. 





SECTION H -CWOUnPSUPPQRT $t MATERIAL HANDLING EQUIPMENT DATA flbpAPPHCABLE Q 



•4 VEHICLE NO 


»*. TECAVUC/IIC 

\ 


M MATERIAL FAILURE (WUC/flCl ANO CAUSE OF FAILURE 






SECTION 1 -PROPERTY DAMAGE 


(yfot APPLICABLE LJ 



t7 GOVERNMENT PROPERTY OCSCRtPTION / 


mW tham N*JcWJ 


•ft COST TO REPAIR/REPlacJ, 

000 V 
MAN MM r* 

(MIL/OV . & 


50 

U>PI«TV 
B*aCE t _ 


•ft OTHER PROPERTY OESC RIFT ION fa>W /At 


ntahkit) 


100 COST TO REPAIR/REPLACE 








HON 000 


\*fct QTHtW 








. COST?>| 



FOR OFFICIAL USE ONLY 



Figure 1-12.— Motor Vehicle Accident Report, OPNAV Form 5102/3. (Page 2 of \) 

1-19 




2.536.2 
> 



\ 



CONSTRUCTION MECHANIC 1 & C 



MOTOR VEHICLE ACCIDENT REPORT (Continued) 

OPNAV 1102/3 {*?•> COftftSCTtO COTY V77 

t/N 0107.1/ -Otl-OOO FOR OFFICIAL USf ONLY 



report symbol opnav 5102-4 

yi»/JA, 



SECTION J - ACCIDENT DESCRIPTION 



lOt ACCtDEKT DIAGRAM Or— ** mw«l *+ MC*»m wn* ***** «h«t PH»tW* »y Now? «w»ci p»m >ni wtN ♦< wHkNi prm >» tn« «ft» «np«ci ftt<»rt»rt>« 

•AduWfuitlv Uw N«yinul rfvw* H U»tM*M »m » ntcmtfY t*#e*u the <*»ct>*rt*l North 




107 VEHICLE NO 



toa lawful speed 10* estiMateospeeo io« vehicle oamage oiagram 



10* COST TO REPAIR VEHICLE 

000 000 

MAM-MAS HtOtATV 
nML/OVi -.. 0AMAOI I - 



NOftOOO ALL 
F*OH«TV OThIA 

oauaoj t — — com 1 _ 



107 ACCIDENT DESCRIPTION DEICRlM TMI ACCiOtNT REFER TO THt VEHICLES EY NUMlER <Uh •+pU» it ncitS«i if *i4u*>**i f«i • Hu*td , 



tOl CTJMMANDINOOMiCER/«ratf^WtfRF«0'; FtlVlfW AND COMmCnU INCLUDE CORRECTIVE ACTION TAKEN LOCALLY AN0/0RCORRECTIVE ACTION 
RECOMMENDED TO HKlHfR AUTHORITY 



K* NAME TITH, TELEPHONE NO (tf*t* 
t RIP aNIN^ THIS REPORT 


m^kjOf THE PERSON 


OATE SiOnED 


COMMANDING OFF iCE R tor Aut**ited dr?*tv) ifrfrtrd «* 


*%4 and r**J t 








1 Sip ml 1*1 1 



ENCLOSURE 
QrHOTOORAm* 
O CIVIL POLICY INVESTIGATION REPORT 
D ALCOHOL INFLUENCE REPORT 00 FORM WO 



□ 
□ 



□ . 



5t 



FOR OFFICIAL US£ ONLY 



JF 



2.536.3 



V " 



Figure 1-13.— Motor Vehicle Accident Report, OgNAV Form 5102/3. (Page 3 of 4.) 

»-2° 30 



Chapter 1— ADMINISTRATION 



MOTOR VEHICLE ACCIDENT flEFORT (Con(tnutd) 

OPNAV II 02/3 {»-7f>C0ftXKTU COfY VT7 
I/NDII7 LF4U4230 



im Of ACCIDENT 




24 TRAFFIC CONTROL 
A. NfiM 

I T/tffic MfMi 

c sw* 

E Y*4**n 

F N«^t*M 

C RVEitmUt «*r 

H RyR ctnataf tight 

J R/R wttataf put 

K OfTWt/n^rWfM^ 

Z Otfw 

25 ROAD CTURACTfc R 
A. Strict, ami 

E C*rv*4.lc«l 

F C«r«ti tfpmit 

C CarwtMtfBcraat 

H C»o*4, 4*wnirv4» 
24 ROAD CLASSIFICATION 

A Inttnow 

I UJ,MaV*ty 

C S«im Htfmy 

D Cawafy raaa* 

F Saf*tt*a4 

C Tti rtKYrtntfO* 



K Pvktefto 

M Cam»rtKia« 
Z Odttt/vwttW 
27 ROAD DEFECTS 



I Ctmincttan/rtptfr 

C SWVWKttr«*««U«l 

D Ofcttracttem 

E Oaaatai wtti* 

F Haltt/nm,r>wwf« 

Z O0m(+«tyt 

ROAD SURFACE CONDITIONS 

A Dry 

I W«t 

C 

D CM 

E tMMnttMtal 

Z OUilmtH/y/ 

VDIICU DtFECTS 

A. N«rw 



Dtftctf* 

I EaKauM lyttaf* 
D ItUn 



Tuih^u 

TwittffuH 
Statr** 



Pf««it»4 

M 

FwKtaw/Vfc w ww 
War*/a**ath iKtt 
IwytfW ty a* Mm 
liw ff t fi i lighM ar rrfWctvo « 
CXW/twrfA/ 



CODE LIST 



30 PRE-ACClDtNT ACTION 
A Cowf wrw«M k}*»4 
I Ra aa t ajtvnn 
C M*M»f W* tttf» 
0 Makaaj njht im 
B M*k*j LMyra 
F rVUfc, 
C Parke* 

J SurUftfM t rafffe 

L S< >fy» < *> frtffk 

M AvuMbf»fvfc)Kt tared 

F Oi**»j U/vri 

0 Oor'UkMf 
R. M<-a» t 

S Uckmt 

3* EMPLOYMENT STATUS 
A USN 

1 USSR 

C Far*** Ntittmi 
D NtvyFf4tr«lCMMP 

Y OtfwraMkaJi 
Z Othttralru/y 

J9 DUTY STATUS 
A Oa#rty 
I PCS Trawl 

c utaie* pes) 

D TAfT^ > 

I Dittrttf P * 

F IMtv&vriud (Wtfltat 

G Uatrr* 

Y tk*t?fUc*h* 

t OAtrf^fc^; 

4$ YEARS DRIVING EXPERIENCE *1nt ihan I ytar 

U I mwdt 
CC 2-Sn««llu 
DO 4 llmwitfM 
44 OPERATOR FACTOR 



A 




1 


IWtiaa^ 


C 


HUia4 run 


0 


Ftdt < 14 ytaU r^htV-wiy 


I 


LmtMUiul 


F 


Faf»< ta Uflntl 


C 


Dtortjar4+a1 traffic cMiraJ 


H 


FaaVtaf t*«ckw 


J 


Gaiai »r*fff wry 


K 


On vfwigtMt tlmd 


L 


lmar*a«( twA 


M 


Iraartaar rurt (torn f*rt*4 


N 


fcnprafar t*ckJr<j 


P 


hnprt^rr ratataj 


0 


Start** l« raatwty 


R 


N» Wfr» pti ifMng 


Z 




47 VISION OBSCURED 


A 


»W-ur*4 


I. 


*Mm IHM tWir 


c 


CtkU4 wtnMtoM 


0 


Trm'c««f»/«tc 


E 


Plrlt4v«Mck 


F 




C 




H 






U»4m v*hkk 




0O*/t»«iA/ 




IAVI0RAL P ACTOR 




UKtMr«rUW«;u«Ctn>*«ntni 




Uck tf tanctiA/Mtrtti 


' 43 


DMncit4/HMtr«tUvi 


44 


Htttt 


45 


KaMt 


44 




47 


Euntw Mo<tnU*A 


« 









REPORT SYMBOL OPNAV 1102-4 



COMMUNICATION FACTOR * 
~7I t -iif'|i-T"/->lfvnntni>4 ifw^VUpw 
72 M»*>4mu*4»| •/ lfuW*>t 
7) f-Ovrt l« 4*t*d MyiVi»jM 



UUY 
F\uJ 



V|<tlli»l#/li 
tewuliimWi tic) 
C (>Vf « )v .ry (Vui»«. *W«m«^ *f+%. «>c ) 
D N* «WMt ln(wry kw( n 

vcmpUwt tf 
E NoiA4kaot«»f ln)*y 
St AT 



s> 



K N«< in p mt * t * < • 

L Unsown 

M turner, 

N. rS4»cycaw 

Z O0M( /(WfttrJ 

RESTRAINT SYSTtM 
A iMitW M ^Wcto 
A No<i9«<k*Mi 
R. NontbtuM 
C Stti kh «Aly 
D 



Pwta ratmM t«fi, Mr / 
r Pm»M rwvtM* tM MM Wl 
Z OtKwwmWMiiMt 

A Not 

I LW4 

C LWifuW 

D Nvt«at4 

Z IMkiwwn 

C E>t<i*4 frtm nhlclt 

A hMt)tet«4 

I finttty t^cttt* 

C Comtlttt^r 

Z Unk*#wn 
K}IDLVOSITrON 
A Kti*r» I* fc*-m»J >*t 
t T«n*M0f irtnaftf m nr» >«t 
C FwntAtni trtMfo w mw )m 
D Iffifkymm t*imy**4 4m u t^wy 

z Oii>«« /tm^>; 

EMPLOYMENT ST^US SmmnHmM, 
DUTY STATUS ■ Suni m ll«n 3t 
INJURY SwntHli«mS2 
SEAT Stm«tili«nS3 
RESTRAINT SYSTEM S«m#MliMS4 
JO I DISPOSITION S«niulwr«M 
ACTION 



49. EXPERIENCE/TRAINING FACTOR 

51 ln»4«*ar» k*«wV4yt *l hKkI* 

52 iMttffkkftt trni*iK*t\lA)Uh***t 

50 MEDKAL FACTOR „. 
H FulfM/tiMfy 

42 AU*KM/Kant«*t< »2 
, *J Dra|uM (l)Pi«KrtW4l4fu|«/in*4k:M«Me0iirKKilMo( >} 
(2) N«»-^(fK>lr(iMi ^rvaVmtdklnt o*M M 4tfK(f4 . my «tht< 

Drvft»iM A^y \i*t 4ruav/me4xW M Irsi ) >»o> » 



A 


N« ipflfciMt 




1 


Crowtaf < with ifntl 




C 


CNHiA| • iptlM aptl 




D 


CroHtn| a*MjMl Mrk«4)ir« 




t 


Cr*Mki« M<|Nl,N<«ml 


t 


F 


Wilkki|M|tinmc 




C 


WtlUfMj IflkM if»rfk 




H 


Em*rf>y| /r»m Wt fraai af aji W 


MMaajrM 


1 


Cr(iln|MMr*«hUt 




K 


PwhbVwartlng M«aWeN 




L 


WorUaf •* raaaVty {wart ar*i 


r trtttkflrt 


M 


FWyl»| la rtaaVty 




H 


WrfkMj a« iMawalk 




0 


HMChhikki| 




0 


At ta/tty una 




z 


Chhai/tKit/V; 




CLOTH INC 




A 


Hv< Mitfana 




1 


WWW aWarm 




c 


KhiKl vrt^Mi 




D 


Fiittv*/4a««irf« waifafW 




t 


Lajhi c«Wr *4 «MUaa cWrtiW 




F 


Dm V tv*arW tMla* cM«Mraj 




Z 


Oihrffrwty/ 





REKAVIORAL FACTOR S«im tt I mm 4* 
MkDICAL FACTOR Smo* m lt«M 50 

commiinication r actor- smwm imm si 



»5 



OiS«( terrify) 



Figure 1-14.— Motor Vehicle Accident Report, OPNAV Form 5102/3. (Ptge 4 of 4.) 
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from brief notes or oral instructions. Official 
correspondence in its true sense encompasses all 
recorded communic^jons, including messages. 

In general, official outgoing correspondence 
is prepared only in the rough at the department 
level and is "chopped" to the executive officer 
or the administrative assistant for approval and 

.preparation in the smooth for the commanding 

^officer's signature. ^ 

STANDARD NAVAL LETTERS 

Figures 1*15 and 1-16 illustrate the standard 
naval letter in finished form. When preparing 
correspondence in the rough, always double 
space the text to allow for corrections or 
insertions by reviewing^of fleers. Before starting 
the letter, find out fronvthe drafting officer (you 
may physically prepare the draft, but the officer 
is responsible for the finished prQduct) whether 
it is to be classified. If so, the classification must 
appear near the top and bottom of each page. 
NoW the identification and indentation of 
paragraphs and subparagraphs. The drafting 
officer will have to determine who the 4 'via" and 
"copy to" addressees (if any) are to be. There 
are two important rules of thumb: (1) references 
shown in the heading of the letter should be 
mentioned (in chronological order) within the 
text ,at least once, and (2> unless they are very 
closely related, do not cover two subjects in one 
letter. * The latter practice can result in 
administrative confusion when replies are 
required. 

When preparing correspondence, bear in 
mind that the usual purpose of Navy mail is to 
provide the reader with concisely stated 
information. If you turn out a confused, 
rambling, repetitious, or needlessly lengthy 
masterpiece of semantic purity, you only create 
an editing chore fpr the drafting officer — and 
you may wind up doing the whole thing over. 

Before starting the letter, be sure you 
understand exactly what, the letter is to 
accomplish. Then, it^ organization becomes 
essentially simple. The first paragraph should 
state the purpose of the letter; the following 
paragraphs explain circumstances and state the 1 
action (give orders, make request, give consent, 
or refuse permission). 



When the letter is in answer to or closely 
jtfated to another letter, .the first sentence 
"should refer to that letter/ For example: "1. 
Reference (a) requested information about the 
allowance lists for the next 3 fiscal years. 
Reference (b) pointed out that such information 
is available for only 2 years in advance. . 

The usual causes of confusion and ramt/linjg 
in a letter are: / V 

>•> 

1. Failure to follow the basic pattern 
(purpose, circumstances, action). 

2. Inclusion of mpre than a single idea in a 
sentence, more than one central thought in a 
paragraph, or mor^than a single subject in the 
letter. 

3. Failure to consider the readers (Can the 
letter be misinterpreted?). 

In letters of average length, each significant 
unit may be one paragraph, although there is no 
rule about this; explaining the f^sons why 
something should be done may take more than 
one paragraph, while other letters are sa simple 
that a single paragraph makes up the^ entire 
body. The important thing for the writer is to (1) 
arrange the urJfcs in what sterns thq most 
Satisfactory order, (2) complete e^ch unit before 
moving on to the next, and (3) maintain 
continuity by providing transition frQm one unit 
to another. 

9 

When you prepare the first draft, do not 
* worry too much about the finished product. Get 
something on paper. You can go over it later for 
errors, clarity, and good order. If pcflssible, let 
the first draft cool for«a while and occupy your 
mind with other matters before going over it 
again. This practice tends to make you more 
objective— you will find flaws not apparent to 
you earlier. Delete unneeded words, cut down 
the big ones, take r out the intensives (very much, 
extremely), eliminate unnecessary introductory 
phrases such as "it is to be nofed M and "we call 
your attention to the fact that," and avoid 
repetition. 

MEMORANDUMS 

Although there are variations of the form of 
naval correspondence called a memorandum, 
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DEPARTMENT OF THE NAVY 
HEADQUARTERS NAVAL MATERIAL COMMAND 



WASHINGTON, D.C. 20)60 



♦AIRMAIL 



j 



*TN REPLY REFER TO 
P3X:ABC:PLK 
♦5216 
5 Jan 19- 



*Trom: Chief of Naval Material 
To: Commander, Portsmouth Naval Shipyard 
•Vie: ComndtC! Naval Ships Systea Command * 

Sub J: Correspondence practices; recommendations of KAVKAT Uaa 
concerning * 

*ftaf : (a) KAVMAT ltr PBX:ABC:PLM of 1 Jan 19- to CCMONE 
(b) P0WC0N between Nr. Dial, NAVMAT, and Mr* Davit, 
Portsmouth, 3 Jan 19- 

•Encl* (1) KAVMAT survey teem report of Portsmouth Naval Shipyard 
(2) (SC) Dejmrtment of tha Navy Correspondence Manual 
(2 copies) 

1. In reeponse to reference (a), tha findings of tha Headquarters, 
Naval Material Cc ws and aurvay Uaa art providad in datail in 
enclosure (1). Tha information on correspondence practices in this 
lattsr and in tha accompanying aaterial ara submitted at tha raquast 
of tha AAeinistrative Off i car of tha Portsaouth Naval Shipyard. 

2. Ths copias of ths Department of tha Navy Corrsspondanot Manual 
(enclosure (2)), which ara forwardad under saparata cover, aay bs „ 
ratainad for your uaa. 

3. This letter is • pacifically designed to ba usad as a guide to 
tha proceduree containad in tha KAVMAT teaa report, and in 
accordanca with rsfarancs (b) . Paw latter* will contain as many 
parts as this 'ones however, the general arrangement is the same, 
regardless of the number of elements in a letter or its length* 

a. Tha identification symbols, and, if any, ths postal 
instructions, ths classification, and ths "from" line, are fixed 
in their relative positions* 

b. Tha positions of tha other headings depend on the number 
of lines required for each entry: 

. (X) Between the '•from'* line and the "to" line, and tha "to" 
^Jine and the "via" line, if any, there is no blank line* 

\ 



[ *mOICATC» ITEM* THAT MAY WOT ■! WIQUtWCO. | 



Figure 1-15, — Standard naval letter. 



( 



95.17 



0 

ERIC 



1-23 




CONSTRUCTION MECHANIC 1 & C \ 



u 



PBX:ABC:PLM 
♦5216 

♦5 Jan 19- 



•Sub J x Corratpondanca 
•concerning 



tctlcta; rtccca*andationa of NAVMAT Uu 



(2) Batvttn all other haading tntritt, and batvttn tht last 
htadlng tntry and tha body of tha lttttr, thara it a blank lint. 

4. Tht aonth my bt abort viattd or tpallad In full* Tht data may 
bt althtr typtd or ttaaptd. > 



PETER L. MURPHT 
*Sy dlrtction 



•Copy toi 

cxo 

C0MONS 



\ 



•Blind copy tot 
(Li at of information addraaaata not shown on tht original) 
(Appear*, on copitt ra tainad in dtpartatnt or headquarttra only) 

Prepared by: > 
(Drafter 'a niat and organisation, *room number, anf teltphont 
txteneion, and data of typing) 
(Appear* on fila copitt only) 

N 



j 'IwQlCATIt ITIMI THAT MAY MOT «I «IQUI»1P. | 



V 



) 



a 

:RLC 



Figure 1-16.— Standard naval letter— Conthjued. 
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the one most frequently utilized is the simple 
"From-To" type between subordinates within 
the same activity. 

A preprinted Department of the Navy 
Memorandum (short or long) form is available, 
or you may use a plain or letterhead (when the 
memorandum is addressed outside the* 
organization) sheet of paper. When using other 
tharr^ the preprinted form, type 
"MEMORANDUM" in capital letters at the left 
margin. Two spaces below that type "From:" 
and proceed as you would for a naval letter. For 
very informal communications, memorandums 
may be handwritten. 

Variations of the "From-To" style include 
the "Memorandum For" and "2- Way Letter- 
Memo" types. The former is used between high- 
level officials within the Department of Defense, 
^he "2- way" incorporates the efficiencies of a 
preprinted format and preinserted carbon; it is 
employed onl> for communications that require 
a reply. j 

SPEEDLETTERS 

A speedletter is used tor an urgent 
communication that does not require electrical 
transmission. It is prepared on a standard, 
preprinted form prominently marked across the 
top with NAVAL SPEEDLETTER in large 
letters. Unlike other types of correspondence, an 
extra topy is provided the addressee so that they 
may reply on the speedletter (copy) itself. 

The main purpose of the speedletter format 
is to call attention to the communication so that 
it wilt be given priority handling by the 
addressee. To this end, a special speedletter 
^Wlidtfe i6 available to insure that mail handlers 
give the speedletter immediate attention. If a 
regular env^lppe must be used, it should be 
conspicuously marked with the word' 
''SPERDLETTEir in capital letters. 

With some v\^iations, a speedletter is 
prepared in much the^same way as a naval letter 
(except that if time & critical, the speedletter 
may W handwritten). Identifying blocks take 
cuu of rno^t.of the information normally placed 



at the top of a standard letter down through the 
'To 0 line. Therefore, unless the "Subj" and 
"Ref" lines are used, the writer places nothing 
in th^textual portion of the speedletter form 
except the text itself, the signature, a list of 
enclosures, if any, and, if needed, downgrading 
and classification data. 

MESSAGES 

A message is a written thought or idea, 
expressed briefly and to the point, and prepared 
for transmission by the most suitable means of* 
telecommu nicat ion . 

<f 

The originator of a message is the command 
by whose authority the message is sent. The 
drafter— usually the communications officer or 
a department head— is the person who actually 
composes the message for release. The releasing 
officer authorizes transmission of the message 
for and in the name of the originator. Usually 
the commanding officer is releasing officer, but 
may delegate the releasing authority. ~ 

Basic Message Forirat 

With a few exceptions, military messages 
sent by electrical telecommunications are 
arranged in a basic nav^jnessage format. (See 
fig. 1-17.) \ 

Communications requiring expeditious 
delivery are prepared for transmission as brief, 
concise messages with a message heading and a 
message text. 

Heading \ 

Figure 1-17 shows whichWrts qf the heading 
must be completed. Although^ou do not fill in 
the date/time group block, you need to 
understand how to read this information. 

The date/time group is expressed as six digits 
with a zone suffix, plus an abbreviated month 
and a two-digit year. The first pair of digits 
(08QQ05Z AUG 81) denotes the, date of, the 
month, the second pair (0800O5Z AUG 81) the 
hours, and the third pair (O80OO5Z AUG 81) the 
minutes, followed by a capitalized letter which 
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MIT KUM0OU 



UNCLASSiriCD 



NtfwwOMnwctoii 



*CK0 

-CINCLANTFLT 



UNCLAS //NO S5LL// 

ncssACC roRnAT 

A. SECNAVINST 5211-18 

1. <TCXT> 

2. - <TE*T> r 



\ 



<tcxt> 



WT5 ^ \ 

ACTION . . . il * j 
00 . . .01 . . .03 • • .CUO 


MMTTM TT*W WM, VITLC, VFICI ITMH, «• »ATI 

H.I. JONES* LT% M3C% 55111 1 FEB 




! 


trH* a*«tf , tnu. «ff « irMH mb pm«m> 

U.K. SniTH, CAPT, M3 S111S 


14*ltWtf 


MCMtTf CtMl* Ktlim **Tl KMC w# 

UNCLASSIFIED 




DD/r",.173 



Figure 1-17.— Format for naval message. 
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indicatc«4t!f time zone. For standardization, all 
naval corniroinications use Greenwich (&) time. 
Duplicate date/time groups should not be used 
by the same originator during any one 24-hour 
period. Normally, the time included in the 
date/time group is the time at which the 
originator delivered the message to the 
communications center for transmission. All 



numerals in abbreviated titles used in naval 
messages are spelled out. 

Text 

The text of a naval message is prepared as 
shown in figure 147. Notice that the message 
paragraphs are* numbered, except for short, 



9 

ERLC 



1-26 



Chapter 1— ADMINISTRATION 



one- paragraph messages. Subparagraphs are 
indented and lettered or numbered as 
appropriate. If the message is classified, it is 
marked with the proper downgrading/declassifi- 
catipn markings. The number of characters and 
spaces on a line is sixty-nine. 

Short titles or abbreviations are not used in 
the text if the message is addressed to a Member 
of Congress, a commercial concern, or a 
nonmilitary address. 

The following punctuation i^^rks or symbols 
may be used to enhance clarity within the 
message text: I 

Hyphen (-) 
Question mark (?) 
£plon (:) 
Apostrophe ( ') • 
Ampersand (&) 

Parentheses (left and right) ( ) 
Period (.) , 
Comma (,)"* 
Virgule (or slant) (/) 
Quotation mark (") 
Number symbol (#) 

Symbols that may NOT be used in a naval 
message are: 

"At" sign (@) 
Percent (°7o) \» 
Fractions (1/2, 1/4, et cetera/ 1 
'Asterisk (*) 

Underscore ( ) 

„ Cent sign (<t) 



TRAINING AND DEVELOPMENT 
N OF SUBORDINATES 

Each training program is formulated to 
provide personnel with the skills needed; to 
accomplish the current and mobilization 
missions. The programf is developed in 
accordance with the pattern, priorities, and 
tempo establisfifed by the commanding officer. It 
covers many phases from orientation courses to 
special technical courses. The success of a 
training program depends upon operational 



commitments, policies, and directives from 
higher authorities; experience and previous 
training of the personnel, and training facilities 
available. Although much of the construction 
training will be provided by Class A, and C-l 
Advanced Schools, as well as Special 
Construction Battalion Training (SCBT) 
courses, additional skill and experience must be 
acquired. 

TRAINING ORGANIZATION 

Navy regulations state that the NMCB 
executive officer will supervise and coordinate 
the work, exercises, training and education^of 
personnel of the command. (See fig. 1-18.) The 
executive officer will supervise the training of 
officers, coordinate the planning and execution 
of the training program and, when necessary, 
- act to correct deficiencies in the program. The 
executive officer does this in the capacity as 
chief staff officer (CSO). The executive officer's 
principal assistant is the pl^ns and training 
officer (S-2). ^ ^ 

Company commanders are directly 
responsible for the traininatof their company 
personnel and for fulfilling training goals 

^Established by the commmandwig-officer. The' 
company commanders will helnA*formulate 
training programs; superyi&e->training of 
subordinate officers; and direct technical 
military and general training of their companies. 
The battalion service department heads are 
responsible for - the individual training of 
personnel in the departments. They conduct 

* training for advancement and administer the 
OPNAV-sponsored general training. Platoon 
leaders observe closely the training progres^of 
personnel in their platoons. They directly 
supervise on-the-job construction and military 
training. All petty officers assume the 
responsibility for training their members and 
must be able to conduct effective training 
courses utilizing lectures, discussions, project 
work, and so on. 

The plans and training officer is generally 
assisted by a permanently assigned staff of three 
or four petty officers and by additional 
personnel on a part time basis as necessitated by 
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EXECUTIVE OFFICER 

^ icso) 



PLANS a TRAINING OFFICER 
(S-2L 



TECHNICAL 
TRAINING 



MILITARY 
TRAINING 



-ADVANCEMENT IN RATING —WEAPONS 
-PROJECT PREPARATION [—TACTICS 
-SAFETY ; 



-ADVANCED BASE / 
CONSTRUCTION/ / 

DISASTER RECOy^RY 
r 



—LEADERSHIP 

^ DRILL 

—PHYSICAL 
CONDITIONING ' 

SURVIVAL 



GENERAL 
TRAINING 



-NAVAL HISTORY 8 MISSIONS 

-CAREEfc OPPORTUNITIES 

^AMERICAN DEMOCRACY 

-CITIZENSHIP 
RESPONSIBILITIES 

^PERSONAL AFFAIRS 

- ^ 



143.133 



Figure 1-18.— Training organization chart. 



the formal training workload. This group is 
generally headed by a chief petty officer, and its 
members often function as training instructors. 
Although responsible for the entire training 
program, this group is primarily .concerned witfr 
the formulation and administration of the 
formal military training program and that part 
of the technical training program \vhich includes 
advanced ba?e construction and disaster 
recovery. The other aspects of the technical 
training and general training programs are 
formulated and administered Within each 
company, but should correspond to^the general 
guidelines established by the plans and training 
officer. 

In the Amphibious Construction .Battalion 
(PHIBCB), the training officer may serve as 
assistant to the operations officer. The training 
officer arranges and schedules all* formal 
training of officers and enlisted personnel, 
performing essentially the same duties as the 



plans and training officer of the Naval Mobile 
Construction Battalion (NMCB). However, the 
training program planned by the training officer 
of an PHIBCB is tailored to meet the specialized 
mission of the PHIBCB. It provides the 
knowledge that operational teams and crews 
apply in cairying out all phases of their primary 
missions. -Included are seamanship, the 
installation^and operation of causeway piers, 
fuel systems, and beach salvage techniques. 

In general, training for both the NMCB and 
the PHIBCB should be closely integrated and 
coordinated with daily operations of the 
battalion. The adopted training plan and 
organization must not interfere with essential 
construction functions. Nevertheless, the 
construction schedule should be flexible so 
training oportunities that will expedite the 
construction schedule are not neglected. Every 
opportunity should be taken to derive training 
benefits from routine operations. 
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TRAINING NEEDS 

- Training for advancement* is a continuous 
Concern of all personnel within a battalion, 
whether at the company or platoon level! 

In homeport, training programs become the 
primary .mission. The NMCB is expected to 
spend about 75 percent of the available man- 
days in formalized technical, military, and 
general training. In addition, the planning and 
estimaUng group may .be considered to be 
involved with on-the-job training. Shortly 
bdjfore an NMCB returns to homeport, it sends 
an\dvance party to the homeport regiment to 
prep^the training schedule* for the battalion's 
homepph^ stay. Although this advance party 
performs other than training functions necessary 
for the battalion's arrival, it prepares for 
instructors, sets up material support, and 
obtains quotas for schools. All personnel are 
trained in the areas of technical, military, and 
general topics. However, the program may be 
tailored to meet the specialized mission of the 
battalion's next deployment. If one of the 
projects scheduled is the construction of an 
airstrip, there will undoubtedly be a-great deal of 
site preparation going on. You' will need to see 
how many qualified Construction Mechanics are 
available; you might need to train more person- 
nel to maintain and repair specific equipment. 
Whenever an uncommon work item of sufficient 
magnitude is encountered during a forthcoming 
deployment, it should altyw the majority of your 
personnel to gain experience and training in the 
operation. 

Take inventory of the skills the members in 
your crew possess* whethqr through actual job 
experience or through some type of training 
* program. After you have made this study, you 
can easily see whether the required skills for a 
particular job match the available skills. When 
they do not match, you have a good indication 
that training is needed to bring the crew up to 
the desired level of proficiency. In some cases, 
you will need to conduct refresher training; in 
other cases, you will have to give instructions on 
new techniques. 

As a supervisor, you may also check your 
personnel's service records, conduct a PRCP 
interview with each person and select those best 
suited for training given at a C-l Advance 



School or Special Construction Battalion 
Training Courses. 

ON-THE-JOB TRAINING 

There are m^rfy "forms of ori-the : job training 
(OJT). It may be in the form of an especially 
tailored, well-organized program, such as one 
designed to help welders acquire advanced skills 
in welding. Then again, OJT may be in the form 
of simple instruction, like explaining and 
Showing a person how to tie a certain kind of 
knot. In other words, .when one person helps 
others learn to do a job apd makes sure they 
learn the right way, it is a form of OJT. 

You rriay not have realized it, but in. the 
SEABEES, on the job t aining goes on about all 
the time. For instance, two CM strikers were,, 
assigned the job of reconditioning a cylinder 
head. Although they had performed many 
comparable jobs, they had not dorijfc that 
particular one. Their supervisor assigned an 
experienced crewmdmber to guide them. This 
person explained the exact procedure for 
disassembling the component parts, how they 
were to be cleaned * and inspected, and why 
particular angles were used. The CM strikers 
understood and easily proceeded with the job. 

, There are as many examples of OJT as there 
are contacts between personnel in the 
SEABEES. Its importance becomes readily 
apparent in an organization, such as the 
SEABEES, where changes in equipment, 
personnel, and improvements call continuously 
for new and better methods of . doing things. . 

In the SEABEES, as well as in private 
industry, the term on-the-job training has come 
to mean "helping an individual acquire the 
necessary knowledge, skill, and habits to 
perform, a specific job. M This definition implies 
that the job training applies not only to the 
Constructionman or ne^ personnel in an 
organization, but also to any other person who 
is assigned a new job. It indicates that job 
training is a continuous function in the 
SEABEES. No person should be regarded as 
completely trained. One's performance can 
always be improved by keeping interest high and 
by passing on directions, suggestiqns, and 
information which will increase profieiency of 
the trainee. - . 
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Bear ininind, however, that OJT is an active 
process and requires active supervisors who are 
aware of the needs of the trainees and who can 
motivate them to learn. Use methods which will 
add meaningful experiences to the trainees* 
storehouse of knowledge. 

A supervisor who does a g6od job of training 
personnel stands to benefit in many ways. For 
one thing, well-trained crewmembers brag about 
their Supervisor, especially to their buddies in 
other crews. A remark they might make proudly 
is "I sure do enjoy working for Chief Murray 
because I le^rn so much." As you can see, this 
* will multiply your effectiveness pn the crew. If 
i% you have a skill, knowledge, oj attitude of value 
to the Navy and can impart that skill, 
knowledge, or attitude to 10 others— you have 
multiplied your effectiveness 10 times. 

Setting Up An On-The-Job, 
Training Program ? 

In setting up an OJT program, one of the 
first things you will want to do is to make an 
administrative analysis to determine the type of 
training required. 

One of the requirements may be for 
advancement in rate for your personnel. There is 
nothing that can make you feel anyprouder than 
to see the CM's that you have helped make their 
first crow, with the wrench and nut on it, that of 
a third class Construction Mechanic. Do you 
know what their thoughts are? They afe not, as 
commonly believed, "Oh boy, no more mess 
cooking.'* The real thought of that person is "I 
cannot wait until I can sew on the next one." 

Ih preparing your program, keep in mind the 
broad knowledge you have about the objectives 
and how you can best utilize your experience. 
You will have to determine, of course, the 
subjects to be taught. It may be that you are 
going to teach CM strikers how to put a chjtch 
disk in a 1/2-ton pickup. Or perhaps you kre 
going to teach them how to rebuild a starter. 

You will have to brtak your subjects down 
into lessons, taking into consideration the length 
, of/lime to be devoted to each subject and 
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whether you are going to teach your subjects in a 
classroom, field, or sfrop. You may have to 
establish lesson sequence, determine lesson 
objectives, analyze reference materials, prepare 
lesson plans, and so on. Remember that in any 
type of training program, the objective should* 
be to help the trainee learn theNnost and in the 
shortest time possible. 

Implementing An On-The-Job 
Training Program 

You should Consider various courses of 
action in implementing an OJT program. To the 
supervisor or trainer, some of the most 
important are: 

1. Survey unit assignments and insure that 
each 'assignment is in the best possible accord 
with the individual's classification and specific 
skills background. 

2. Determine the exact need for training. To 
determine this need, establish two things: (A) the 
specific job requirements, and (B) the individual 
skills of the trainee. When A and B are known, • 
the on-the-job training required can be stated in 

a simple formula: 

A - B = on-the-jobtraining required. J 

3. Determine the method or methods' of 
training \yhich will be most effective. NujpKerof 
people, time available, facilities required, nature 
of training, and individual capabilities are 
factors which will affect your decision. 

4. Select the personnel who will actually 
conduct the training, remembering that the end 
product will be no better than those who _ 
conduct the training program. 

5. Procure all available materials which may 
help supplement the program. 

6. Followup. You should continuously 
monitor the programjto see that it does not lag, 
that training records are kept current, and that 
newly developed skills are properly applied. 

This is truly a large order. But now, more 
^than ever, our Navy depends upon quality 
training. It is an important job, and it is one that 
never ends. 
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Methods of On-The-Job Training 

In OJT, you must be prepared to use a 
combination of training methods, depending 
upon the nature of the subject, time available, 
and the capabilities of the trainee. The following 
methods of training are basic to any well- 
planned unit training program. 

No other method of training is as effective as 
. intelligent, interested COACH-PUPIL 
INSTRUCTION. In addition to being a quick 
way of fitting a new worker into the operation of 
a unit, it seryes as one of the best methods of 
training. Without specific directions and 
guidance in learning to perform the necessary 
duties, a worker is likely to waste time and 
material and form bad work habits. 

It happens that many organizations in 
industry have apprenticeship courses which are 
designed to train workers in a trade or skill. 
Their training ■ consists of coach-pupil 
supervision under skilled workers with periodic 
group instruction when it is advantageous. 

SELF-STUDY should be encouraged. 
Skilled and semiskilled jobs require a 
considerable amoupt of job knowledge and e 
judgment ability. Even in simple jobs there is 
much basic information that the worker must 
acquire. The more complicated technical jobs 
involve both basic and highly specialized 
technical knowledges and related skills which 
must be taught. 

GROUP INSTRUCTION is a practical 
adjunct to direct supervision and self-study. It is 
a timesaver when several workers are to be 
instructed in the same job knowledge or 
procedures. The supervisor or trainer can check 
training progress and clarify matters which ate 
difficult for the trainees to .understand. Group 
instruction, if intelligently used, can expedite 
production. For example, suppose you have six 
trainees learning the same job. Four of the 
trainees are having trouble with a certain job 
element, while the other two have it "knocked." 
The four people having trouble can be brought 
• over to the other two, and in a short time the 
difficulty will probably be solved. In OJT, this is 



called group instruction; and, as you can see, 
t group instruction is not the same as classroom or 
so-called "academic-type" instruction. 

Another type of OJT is PIECEMEAL 
INSTRUCTION. For instance, a crewmember 
asks you for information and you supply it. 
That is piecemeal instruction. A supervisor's 
orders are, in a sense, a piecemeal method of 
instruction because they let others know what, 
when, where, and perhaps, how and why. Other 
examples of piecemeal instruction are: 
explaining regulations, procedures, and orders; 
holding special meetings; indoctrinating a new 
person; and conducting organized or 
unorganized meetings. 

Developmental On-The-Job Training 

In any type of effective training in which one 
individual is working directly under the 
supervision of another, the trainers and trainees 
must understand the objectives of the training, 
Factors deserving careful consideration include 
determining the training needs of the trainees, 
defining the purpose of training, and explaining 
or discussing different points concerning 
training with the trainees. 

In determining training needs, it is often a 
good idea to interview the trainees. A summary 
of previously acquired skills and knowledges 
relative to the job they are to do can be learned 
by proper questioning. Compare jobs the 
trainees know how to do with those they will be 
doing. Determine training needs (required 
knowledges and skills minus knowledges and 
skills already possessed). Training needs should 
be determined for each job pertaining to the 
trainee's position assignment. Analyze the job to 
"be done and have all necessary equipment and 
materials available prior to each job training 
situation. J 

In defining the purpose of training, the 
trainers should clearly explain the purpose of the 
job, dttty, or task to be performed by the 
trainees. Point out to the trainees their place on 
the team and explain to them how they assist in 
getting the unit mission accomplished. Stress the 
advantages of doing the job well, and how the 
training benefits themselves, their organization, 
and the SEABEES.. 
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The trainers should alsp explain facts about 
the job to be done, principles that are proved 
and workable, and directions on hour to 
accomplish the job safely, easily, and 
economically. The trainers should explain, too, 
the techniques that will improve the skill of the 
trainees. The importance of each operation in a 
job should be stressed. The technical terms 
relating to tbp job should also be explained. 

The trainers and trainees should discuss the 
problems that arise in doing a job, and endeavor 
to clear up any questions of the trainees 
concerning the job. Point out to the trainees any 
similarity of different operations of the job 
wherein transfer of knowledge or training may 
be utilized. The relationship of procedures in a 
particular job to things with which the trainees 
are acquainted, should also be discussed. This 
allows the trainees to learn through association 
with past experiences. It also is important to 
discuss the progress of the trainees. 

Developmental training in any situation is a 
process which aids an individual in progressing 
from what one KNOWS to what one NEEDS 
TO KNOW— from the KNOWN to the 
UNKNOWN. 

The end product of peacetime military 
operations is TRAINED PERSONNEL. 
Regardless of your unit mission, you must hav$ 
trained personnel to carry it out. IT IS THE 
RESPONSIBILITY OF EVERY *>ETTY 
OFFICER IN THE NAVY TO TRAIN THE 
PERSONNEL UNDER THEIR IMMEDIATE 
SUPERVISION. 

Systematic Training 

Effective training requires a great deal of 
planning and directed effort, organization of 
materials into a logical sequence to prevent a 
haphazard approach to the job of training, and 
accurate measuring methods 4 for evaluation 
results. There must be some results if any 
learning takes place. If you push as hard as you 
can on an object and there is no result— if you 
fail to move it— no wprk has been done 
regardless of the energy expended. If no learning 
takes place, you have NOT trained. Three steps 



that may help you in planning and carrying out 
your training programs are: 

1. Insure learning by use'of correct training 
methods; 

2. Measure achievement at regular intervals 
to assure that learning is taking place; and, 

3. Record results where interested parties 
can check progress; records in the open can 
create competition which often is a great 
motivating factor. 

EVALUATION.— Generally, the most valid 
trainer evaluation can be obtained by testing the 
trainees to see how much they have achieved 
under your guidance. If they have learned to 
perform in a highly satisfactory manner, you are 
doing a good job of training. The effectiveness 
of the training is determined by how much 
training has taken place and the value of that 
training. The personnel must be trained 
correctly. Improper training, in many cases, is 
worse than no training at all. 

PERFORMANCE TESTING.— Perform- 
ance testing helps you do a better job of 
conducting an on-the-job program. You can use 
performance tests to find how well your trainees 
are performing their jobs. However, it is 
difficult to find a test that does its job well. 

Performance tests should enable you to 
evaluate the work of subordinates accurately 
enough to accomplish the following objectives: 

1. To help determine when trainees can 
actually perform the tasks that they are being 
trained to do; 

2. To aid you in evaluating the improvement 
of persons in on-the-job training; 

3. To help locate strengths and weaknesses 
in OJT programs; 

4. To determine the qualifications of 
personnel entering OJT programs; and 

5. To help assign new people to particular 
jobs. 
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Since it is a practical check on a work 
project, the performance test must be a sample 
work situation in which the trainee performs 
some active piece of work that can be examined. 
The test is not designed to measure what a 
person knows about the job (a written or oral 
test may fill that need for you). Instead, it is 
intended to help you evaluate that person's 
ability to actually do the job. Do the best you 
can in organizing and administering the 
performance test. There will always be room for 
improvement in most of the testing that you do. 



FACILITIES PLANNING GUIDE 

You should consult the Facilities Planning 
Guide (NAVFAC P-437) when tasked to assist in 
planning the construction of an advanced base. 
This document identifies the structures and 
supporting utilities of the Navy Advanced Base 
Functional Component (ABFC) System. It was 
developed to make preengineered facility designs 
and corresponding material lists available to 
planners at all levels. While these designs relate 
primarily to expected needs at advanced bases 
and to the Navy ABFC System, they can be used 
to satisfy peacetime requirements as well. 
Facilities, logistic, and construction planners 
will each find the infofmation required to select 
and document the material necessary to 
construct facilities. 

NAVFAC P-437 consists of two volumes. 
Volume I contains reproducible engineering 
drawings organized as follqwsr Part 1, Compo- 
nent Site Plans, indexed by component and 
ABF^^designation; Part 2, Facility Drawings, 
indexed by facility number and DOD category 
qode; Part 3, Assembly Drawings, containing 
assembly information and indexed by assembly 
number. Each drawing is a detailed construction 
drawing that describes and quantifies the 
facilities, assemblies, or line items required to 
complete it. A summation of logistic, construc- 
tion, and cost data is provided for each compo- 
nent, facility, and assembly of the ABFC 
System. A component is defined as a grouping 
of personnel and material that has a specific 
function or mission ai an advanced base. 
Whethinlocated overseas or in CONUS, a com- 
ponent is supported by facilities and assemblies. 



Volume II of NAVFAC P-437 contains the 
detailed data display for each component, 
facility, and assembly. Also arranged in three 
parts, Part 1 quantifies and describes by DOD 
category code the facilities requirement for each 
component. Part 2 quantifies and describes by 
assembly number the assembly requirement for 
each facility. Part 3 quantifies line-item 
requirements by National Stock Number (NSN) 
for each assembly. Except for earthwork, 
material lists in Volume II are complete bills of 
material. 

The P-437 also contains other useful 
information for planners. For example, crew- 
sizes, man-hours by skill, land areas and 
amounts of fuel necessary to make a 
component, facility, or assembly operational, as 
well as predesigned facilities and assemblies thaK 
are not directly related to components shown in ; 
the table of the ABFC System (OPNAV 41P3). 
These facilities and assemblies give the planner 
alternatives for satisfying contingency 
requirements when callout of a complete 
component is not desired. To make the P-437 
compatible with other DOD planning guides, 
NAVFAC P-72 (Category Codes for Classifying 
Real Property of the Navy) is a related 
publication that establishes the category codes, 
nomenclature, and requifW units of measure for 
identifying* classifying, and quantifying real 
property, 
follows: 



The dardinal category codes are as 



200 Maintei 



100 Operational and Training 



ance and Production 
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300 Research, Development and Evalua- 
tion 

400 Supply 

500 Hospital and Medical 

600 Administrative ^ 

700 Housing and Community Support 

800 Utilities and Ground Improvement 

900 Real Estate 
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If a facility is required for enlisted personnel 
quarters, for example, it will be found in r the 700 
series, "Housing and Community Support." 
The assemblies contained within each facility 
will consist of a grouping of line. items at the 
National Stock Number Level which when 
assembled will perform a specific function in 
support of the facility. An assembly is 
functionally grouped so that the assembly 
g number relates to the Occupational Field 13 skill 
required to install it. The groupings are 
numbered as follows: 



DESCRIPTION 


NUMBER 


SEQUENCE 




START 


STOP 


Builder oriented (BU) ' 


10.000 


19.999 


Utilmesman oriented (UT) 


20.000 


,r 29.999 


Construction Electrician oriented (CE) 


30.000 


39.999 


Steelworker oriented (SW) 


40.000 


49,999 


Equipment Operator oriented (EO) 


50,000 


54,999 


Water Front Equipment 


55.000 


57.999 


Underwater Const and Diving Equip 


58,000 


59.999 


Operational Supplies 


60.ooa 


62.499 


Operating Consumables 


62.500 


64.999 


NBC Warfare 


65.000 


67.499 


Personnel Related Supplies 


67.500 


69.999 


Unaligned at present 


70.000 


Series 


Shop Equip including Maintenance Tools 


80.000 


80,999 


Unique ABFC Tool Kits 


81.000 


81.999 


NCF TOA Const Tools & Kits (power 


82.000 


% 82,099 


tools) 






NCF TOA Const. Tools & Kits (dec.) 


82.500 


82.599 


NCF TOA Const Tools & Kits (misc ) 


83.000 


83.199 


NCF TOA Const Tools A Kits (rigging) 


84.000 


$4,099 


Shop Equipment (ABFC Unique) 


85.000 


87.499 



TAILORING COMPONENTS 
AND FACILITIES 

It is important to realize, when you are 
considering tailoring, that the ABFC System 
contents are based on a set of assumptions. This 
makes it possible to develop modular elements 
which can serve similar functions in various 
locations. The exact requirements for a specific 
base cannot be defined, economically designed, 
nor supported within the general system. 
However, the base development planner knows 
the specific location, missipn, unit composition, 
and availability of other assets. The planner can 
then select from the ABFC System components^ 
or facilities that satisfy requirements. Tailoring 
is then applied to the preplanned ABFC assets to 
come up with what is needed. 

Components or facilities can be tailored by 

(1) deleting or adding facilities or assemblies and 

(2) specifying requirements for tropical or 



northern temperate zones. Assemblies required 
.ip tropical installations only are coded with the 
letter "T" in the zone column to the right of the 
assembly description. Assemblies required in 
northern temperate installations only are cod^i 
with the letter "N." Uncoded assembliesiire 
common to both zones. 



USE AND APPLICATION OF THE 
FACILITIES PLANNING GUIDE v 

Although a listing in the P-437 may help you 
order individual items in general supply, it does 
NOT replace Stock Lists of System Commands 
or But?aus, Offices, Single Managers, or 
Inventory Control Points. Stock numbers and 
descriptions can be verified through appropriate 
Stock Lists. However, you do this automatically 
in ordering a component, facility, or assembly. 

A representative sample of the types of 
components displayed in Volume II is presented 
to show the structure and kind of information 
provided. Figure 1-19 depicts a P-25 component, 
Naval Mobile Construction Battalion. You can 
see that a component contains a list of facilities 
by category code. From this list select a facility, 
such as Diesel Storage and Dispensing Facility, 
200,000-gallon, facility 123-10F. Locate this 
facility in Part 2 of Volume II. Figure 1-20 
shows this facility. Note that within the facility, 
the necessary assemblies required to perform the 
defined function are identified. Figure 1-21 
depicts an assembly within facility 123-10F. 
Within assembly 20002, titled 50,000-galloi^ 
pillow fuel tank, line items by NSN required to 
make the assembly operative are displayed. 
Certain installed equipment and collateral 
equipment, furniture, and fixtures contributed 
by others are not furnished withtfie facilities' or 
the assemblies lasted in P-437. They must b£ 
requested separately instead. The assembly 
listings indicate >vhat installed or NAVFAC 
collateral equipment is provided. ^ 

ADVANCED BASE 
FUNCTIONAL COMPONENTS 

Advanced Base Functional Components are 
normally complete entities. However, housing, 
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messing, medical facilities, maintenance 
facilities, defensive ordnance, communication 
equipment, and utilities may not be supplied 
with each component and are themselves service 
components or facilities to be integrated into an 
overall base development or augmentation plan. 
ABFC's are assigned descriptive names to 



indicate their functions and alphanumeric 
designators to facilitate reference. A detailed 
Advanced Base Initial Outfitting List (ABIOL) 
is an itemized line item printout of the material 
in each ABFC. Each System Command or 
Bureau is responsible for maintaining a detailed 
listing of that part of the ABIOL assigned to it. 
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CHAPTER 2 



SUPERVISION 




As a First Class or Chief Petty Officer, you 
will have many responsibilities added to those 
you have now. The higher your pay grade, the 
more likely it will be that your main duties will 
consist of supervising rather than doing, "to 
become an effective supervisor, you must be 
able to meet the requirements of*our rate as 
well as other requirements. You must know how 
to handle your crews to get the most out of 
them; be able to plan projects, make estimates, 
and set up programs to train your personnel; be 
to foresee difficulties and devise methods 
overcoming them; and be able to maini 
records and reports. Also, you must be safety 
conscious by insuring that your personnel 
observe all safety precautions in their jobs. 



THE SUPERVISOR 

ion involves working with people, 
tjor responsibility of a supervisor is 
Etion. A good supervis or kno ws how to . 
get -a job done by-getting the most out of 
personnel. As a word of caution, however, the 
drive for production must be tempered by 
consideration for the human element. People are 
not machines. The supervisor who treats them as 
such will find that no amount of pressure will 
permanently increase the production rate. While 
striving for a high ' level of production, a ' 
supervisor wants people to prpduce'willing^y and 
to show an interest in their "work. If you have* 
had only a small amount of supervisory 
experience, you are no doubt aware that the job 
of a supervisor is not as easy as it sometimes 
appears. The following discussion will give yau 
an idea of some of the major factors involving a 
supervisory position. 




EARNING RESPECT 

Respect must be earned. You can not win it 
by flattery,^ apple-polishing, throwing your 
weight around, avoiding issues, or striving for 
popularity. In supervising your crews, create an 
atmosphere of courteous and helpful direction. 
The less noise you make, the better will be the 
results. There is no room for the "Do as I say, 
not' as I do" approach. In today's technical and 
ever-changing Navy, the need is for personnel 
who lead with intelligence, by know-how, and 
by good example. Good supervision produces a 
ooth-running organization^ poor supervision 
creates confusion, dissatisfaction, and dismay. 



COMMON MISTAKES 



Yout first days as a new supervisor are 7 
mighty important. Yotir crew will be watching Jo >. 
"^see how you react to the new responsibility. 
Your superiors will be observing you, too. This 
Ja_lhe time, toi avoicLsome_ ot the commons- 
mistakes made by supervisors. Learning what 
NOT to do is often as important as learning 
what to do. 

"New broom" tactics are out! It is not 
unusual for an inexperienced supervisor to go 
into a new job .with the idea that "things are 
going to be different around here." Try not to 
make a big showing, or let it be known that you 
did not like the way the last supervisor operated. 
If so, you have overlooked a psychological 
factor called "resistance to change." Some 
people fear and resent change. Better to let your 
crew know that change can wait right now. After 
getting your feet on the ground, you can make 
changes gradually. 
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Do not promise to gain your crew's 
friendship and support. E>en a hinted or implied 
promise can sometimes be dynamite. For 
example, 4 'if you do this job right, you may get a 
little time off or other arnip«isation. M You 
could be overruled by higner authority. 

Avoid dictatorial practices; the^a^e fiercely 
resented. An overshowing of authority during 
your first days on the job will bejj^rticularly 
noticed. 

Playing favorites, being partial to former 
friends, ignoring the more timid of your 
crewmembers, and assigning the best jobs to a 
chosen few will rapidly break down the morale 
gf your crew. 

Careless remarks, which would go unnoticed 
f they came from one of the crew, take on new 
significance when they come from a supervisor. 
You must carefully weigh your remarks when 
members of your crew 'are listening. 

Failure to delegate work atfd fearing to trust 
subordinates are common failings of a new 
supervisor, and the result is that soon you 
become so stacked up with work that you 
bottleneck the whole unit. 



fine linens one of the most difficult part/gf the 
job of,a new supervisor, but it muv(J)£ clrawn. 
"As a First Class Petty Officer who is the shop 
superyisor j /9*-crew leader, you have a difficult 
jobjji drawing\this fine line, especially when on 
^tfualion duty, you wear the same uniform, and 
in many cases eat and sleep with your 
subordinates. You also attend the same clubs, 
but you must insure that your subordinates 
understood that your general conversation in the 
relaxed atmosphere of the , club and your 
comments on the job carry different weights and 
have different values. This does not mean that as 
a supervisor you have free rein to act 180° 
opposite of the way you act in the shop, but it 
does allow you to relax some. To maintain 
balance, ask your crew for advice and help 
rather than give the impression that you know it 
all. Let'the crewmembers know that you have 
confidence in them; maintain a friendly but 
conservative attitude; treat them alike; be 
consistent; and set a good example yourself. 

SUPERVISORY DUTIES AND 
RESPONSIBILITIES 

Specific duties and responsibilities can be 
listed for a specific petition only. However, here 
are somewhat are typical: 



When you make a promise to have a vehicle 
ready to go at a certain time and you are unable 
to keep that promise, accept the blame yourself. 
There may be a good reason for your inability to 
keepryour promise or the fault may lie with one 
of your subordinates, but the important thing is 
that you accept the responsibility and do not 
pass the buck. Passing the buck when something 
goes wrong is a sure way to lose the respect of 
your crew. And above all, do not lose your 
temper in front of your crewmembers. You* must 
be master of yourself before you can control 
others. 



1 . \Getting the right person on the job at the 
right time. 

2. Using and placing materials economi- 
cally. 

3. Preventing accidents and controlling 
hazards. 

4. Keeping morale high. 

5. Maintaining quality and quantity of 
work. 



THE FINE LINE 

As supervisor, you must draw a fine line in 
your relationship with your crew. Do not assume 
a false dignity; but at the same time, the old 
"buddy-buddy" relationships that you used to 
enjoy are no longer appropriate. Drawing this 



6. Keeping records and reports. 

7. Maintaining discipline. 

8. Planning and scheduling work. 

9. Training your crewmembers. , 
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10. Procuring the tools and equipment to do 
thfc work. 




11. Inspecting, caring for, and preserving 
tools and equipment. 

12. Giving orders and directions* 

13. Maintaining liaison with otfexr 

14. Checking ,and inspecting jc^bs and 
crewmembers. 

15. Promoting teamwork. 

16. Maintaining good housekeeping on the 
job. 

17. Keeping operations running smoothly 
and efficiently. 

This list of typical duties and/fesponsibilities 
shows that the following factors, are common to 
all supervisory positions: 

1. Production. 

2. Safety, health, and physical welfare of the 
crew. 

3. Development of cooperation. 

4. Development 91 morale. 

6 . Training -ariqj development of subordi- 
nates. / 

6. Records and reports. 

7. Balanced supervision. 

PRINCIPLES OF LEADERSHIP 

Supervision or leadership is an art. It 
requires the ability to organize, delegate, and 
coordinate which you, the supervisor, should 
apply daily on the job. You can learn to 
organize, delegate, and coordinate in the same 
way you l^arn any other art. Developing this art 
is a continuing process. 



Military leadership is NOT inborn; it 
becomes a matter of understanding and applying 
sound leadership principles and techniques, as 
given below. 

1 . Be technically and tactically proficient. 

2. Know yourself, and seek self- 
improvement. 

3. Know your personnel, and look out for 
their welfare. 

4. Keep your personnel informed. 

5. Set an example. 

6. Insure that the task is understood, 
supervised, and accomplished. 

7. Train your personnel as a team. 

8. Make sound and timely decisions. 

9. Develop a sense of responsibility in your 
subordinates. 

10. Employ your crews in accordance with 
their capabilities. 

11. Seek responsibility, and take responsi- 
bility for your actions. 

ORGANIZE 

As a supervisor, you must be able to 
organize. This meantfthat you should be able to 
analyze the requirements of a job and plan the 
sequence of events that will bring about desired 
results. 

You should be able to look at a' job and 
estimate how many man-hours are required to 
complete it; you will probably have been given a 
time by which the work is to be completed. Next 
(or perhaps even before making your estimate of 
man-hours), plan the sequence of repairs. Make 
sure that you also know the answers to the 
following questions. What is the size of the 
repair? Are the parts on hand? What tools are 
available, and what is their condition? 
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Before assigning work, carefully consider the 
qualifications of your personnels Are they 
experienped, or do they need Jraiping? Are any 
scheduled for leave? Will you need to request 
outside support? After getting answers to these 
questions, you should be able to assign your 
crews^nd set up tentative schedules. If work 
shifts are necessary, arrange for the smooth 
transition from one shift to, another with a 
minimum of work interruption. How well you 
do so is directly related to your ability to 
organize. * 

DELEGATE 

A supervisor must know how to delegate. As 
stated earlier, failure to delegate is common in a 
new supervisor. It *Ts only natural to want to 
carry out the details of a job yourself, 
particularly when you know that you can do 
them better than any of your subordinates. 
Trying to do too much, however, is one of the 
quickest ways to get bogged down in details and 
to slow down a large operation. As a shop 
supervisor, you may have crews working in 
several different places. Obviously, you cannot 
be in two places at the same time. There will be 
times when a crewmember needs help or 
instruction on some problem. If the crew has to 
wait until you are available, then time will be 
lost. It is important, therefore, to delegate crew 
leader authority to one of your crew members to 
make decisi6fts in certain matters. Here, 
knowledge of your personnel is important. Some 
.people can handle responsibility well; others 
cannot. You must know who can make sound 
decisions in your absence and who cannot. But 
remember, although you are allowed to delegate 
authority, you are still responsible for the 
complete repair job. 

COORDINATE 

A supervisor must be able to coordinate. 
When several repairs are in progress, plan them 
so one can follow another without delay. It also 
helps to work closely witty your sister companies. 

Coordination is not limited to projects only. 
You would not want to approve a leave chit for 
one of your crewmembers then x remember a 



school during the same time period, nor would 
you want to schedule a crewmember for the rifle 
range^nly to find that the range coaches will not 
be available at that time. 



SUPERVISORY RESPONSIBILITIES 

An effective supervisor h^s direct contact 
with and direct control over the individuals who 
produce the work. In this regard, the major 
duties and responsibilities of the supervisor 
include production; safety, health, and physical 
welfare of subordinates; development of 
cooperation; development of morale; and 
training of subordinates. 

PRODUCTION 

The primary responsibility of every 
supervisor is PRODUCTION. You can produce 
best by (1) planning and organizing the work to 
get maximum production with minimum effort 
and confusion, (2) delegating as much authority 
as possible, but remaining responsible for the 
final product, and (3) continuously supervising 
and controlling to insure that the work is done 
properly. 

SAFETY, HEALTH, AND PHYSICAL 
WELFARE OF SUBORDINATES 

Safety and production go hand in hand, 
since the only efficient way to do anything is the 
safe way. When your personnel are absent 
because of injury, your shop equipment is down 
because of damage, or completed wqrk is 
destroyed by accident, production is sure to fall. 
Therefore, you must teach safety constantly and 
set examples by always observing safety, 
precautions. Teach safety as part of each 
training unit, and plan each job with safety in 
mind. 

Showing concern for the health and physical 
welfare of your subordinates will also help 
increase production. Remember that a healthy 
worker is more efficient than one who is not. 
Besides, your concern for these matters is bound 
to increase the respect your subordinates have 
for you and should motivate them to produce 
more. 
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DEVELOPMENT OF COOPERATION 

You can best get the members of your crew 
to cooperate by willingly telling them the whats 
and whys of their work. It also helps to djfevelop 
cooperation among the crewmembers by 
training them to prepare for increased 
responsibilities and teaching them new skills. 

It is essential that you cooperate with your 
seniors on the project and in the battalion. You 
can do so by continually informing them of 
circumstances which (1) require their decisions 
or other actions, and (2) what would be 
unknown to them unless you passed the word. It 
is often the case that what you, and perhaps 
your crews as well, imagine to be . the 
indifference of your seniors is actually a result of 
your NOT keeping them informed. 

DEVELOPMENT OF MORALE 

Morale may be defined as an individual's, a 
team's, or a unit's ,state of*mind. It depends 
upon their attitude toward everything that 
affects them— their fellow SEABEES, their 
leaders, Navy life in general, and other things 
which seem important to them. 

Morale is closely related to satisfying a 
person's basic human needs. If the training, 
administration, and everyday routine of a unit is 
conducted to assist in satisfying the 
crewmember's basic needs, a favorable attitude 
will be developed. High morale is a positive state 
17ft mind which gives individuals a feeling of 
confidence and well-being that enables them to 
face hardship with courage, endurance, and 
determination. 

Morale does NOT remain the same; rather, it 
is constantly changing.>Morale of your crew is 
an index to the effectiveness of your leadership 
abilities. You can measure mo^le by closely 
observing crewmembers in their daily activities, 
by inspections, by formal and informal 
interviews, and by evaluating reports. Specific 
things to watch for include appearance, personal 
hygiene, military courtesy, personal conduct, 
use of recreational facilities, excessive 
quarreling, harmful or irresponsible rumors, 



condition of mess and quarters, care of 
equipment, response to orders and directives, 
job proficiency, and motivation during training. 

When properly evaluated, administration 
reports concerning the status of personnel aid in 
measuring morale. Particularly valuable are 
reports which concern the following, military or 
civil arrest, damage to or loss of equipment 
through carelessness, family problems, 
indebtedness, malingerers, absence without 
leave and desertion, requests fqr transfer, self- 
inflicted wounds, sick call rate, stragglers, and 
reet>listment rates. 

TRAINING OF SUBORDINATES 

The training program of each battalion is 
formed to provide the personnel* with the skills 
needed to accomplish the battalion's current and 
mobilization mission. The program covers many 
phases— from orientation courses to special 
technical courses. Extent of the training depends 
on operational^ commitments; policies and 
directives from higher authority; experience and 
previous training of the personnel; training 
facilities available; and other factors. Although 
much of 1 the construction) training will be 
provided by class A or C-l schools, as well as 
special SEABEE training courses, additional 
skills and experiences must be acquired in the 
battalion. 

As a supervisor, you must emphasize training 
of your personnel. At the same time, impress 
upon them the need to use correct terminology 
or - technical language common to the 
Construction Mechanic fating. In so doing, they 
should learn more readily and also retajn a more 
detailed picture of the functions and operations 
of their jobs. 

HINTS ON PLANNING 

In planning, you determine requirements and 
devise or develop methods and schemes n of 
action for constructing a project. In addition to 
day-to-day planning, consider the following 
primary matters in construction: work element 
estimates, material estimates, equipment 
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estimates, manpower estimates, plant layout, 
material (delivery and storage, work schedules, 
and progress control. They depend more or less 
upon each other and all are part of any well- 
planned project. The success of any project 
depends to a great extent upon the amount of 
detail and the care taken in planning it. 

r 

Proper planning saves time and money, 
makes the work easier and more pleasant for 
your tfews, and expedites the work. It can 
eliminate friction, jealousy, and confusion. It 
can free you from many of the details of the 
work, thus^ v giving you time to carry out other 
important duties. Also, it eliminates 
"bottlenecking," (remember that the neck of 
the bottle is always at its top). 

~As the petty officer in charge of a crew, you 
are responsible for the time pf your 
crewmembers as well as^your own. You must 
plan so that they will be kept busy doing 
constructive work. Remember to PLAN 
AHEAD. Having the crewmembers stand 
around idle each morning while you plan 
obviously would be a waste of manpower. At the 
close of each day, you should confirm planning 
for the next workday. In doing so, you may nee<J 
answers to questions that bear on the availability 
and use of manpower, equipment, and supplies. 

1 . Manpower. Who is to do what? How is it 
to be done? WJidTIslt to be finished? Knowing 
that idleness may breed discontent;, have you 
arranged to have another job ready for starting 
as soon as the first one is finished? Is every 
crewmember fully utilized? 

2. Equipment. Are all necessary tools an(J 

equipment on hand to do the job? Is safety 

equipment on hand? 
> 

3. Supplies. Are all necessary supplies on 
hand to start the job? If not,;who should take 
action? 

Have a definite work schedule and inspection 
plan. Set up goals or quotas for the day. Have a 
definite plan for personally checking at intervals 
to see that the work is being done and that the 
goals are going to be met. Spot' check for 



accuracy, workmanship, and the need for 
training. 

CM's must be trained to do a. variety of jobs 
by means of the rotation method, on-the-job 
training, or classroom work. Allow time for the 
training in planning for a job. 

Allow time too for handling personnel 
problems and military duties, and time for 
records, reports, and other paperwork necessary 
for the control of personnel and materials under 
your charge. 



DAILY WORK ASSIGNMENTS 



How to assign work. On a rush job, you may 
have to assign the best qualified person available 
to insure meeting the deadline. When time and 
workload permit, rotate work assignments so 
that each crewmember can acquire skills and 
experience in different phases of the mechanic's 
•job. Also", the work becomes more interesting 
for the crewmember. Another good reason for 
rotating work assignments is to prevent one 
person from doing all the work of a certain type. 
r What would you do if that person is transferred 
or hospitalized or goes on leave for a long time? 

Give special consideration to strikers in job 
assignments. Bring them along gradually before 
assigning them to a hard or complicated job. 
Use them as assistants first. Do not expect them 
to fully understand the different phases of the 
job until they have worked on the basic tasks. 

Be sure to give a worker all the information it 
_K$.es tp do the job. An experieQced worker may 
need only a general statement concerning the 
finished product. A less experienced worker is 
likely to require more detail. 

Sometimes, you may want to> put more 
workers on a project than it normally takes. Do 
so only when it will speed completion of the 
project. Remember, there is .a limit to the 
number of workers you can put on the job at a 
given time. Having too many workers can slow 
down the project instead of speeding it up. 



SITE DEPLOYMENT OF 
MATERIALS AND EQUIPMENT 

When moving into a new location, you will 
have to locate material and equipment in and 
around the shop. Although design of the shop 
was determined in advance of the move, exact 
locations of shop equipment are left up to you. ( 

STOWAGE OF MATERIALS ^ 

Material required to operate an efficient 
maintenance organization should be located 
where, it is convenient to most of its users. Its 
frequency of use, security, and bulk must be 
known before you can set up new locations. Are 
materials that go together stored together? Have 
you considered safety? 

Repair Parts 

When an NMCB deploys, its repair parts are 
in prepackaged mount-out boxes. The parts are 
already inventoried and the boxes kept in 
numerical sequence. Your main concern is to 
store them efficiently. It stands to reason that' 
the most often used items (Modifier 97), should 
be kept near the issue area. For mount-out 
purposes, when possible, organic and augment 
repair parts should be separated. 

Be sure to retain and preserve the mount-out 
boxes and lids. Avoid cutting the retaining 
bands. Replacing lost boxes or lids and bands is 
expensive and time consuming in case a ^ 
complete unit mounts out or moves. 

Paints and Lubricants 

Paints and lubricants are inventoried by the 
supply department. However, you are 
responsible for storing those in use or drawn in 
large quantities. Storing lubricants properly 
includes taking steps to prevent fire or 
contamination by water. Paints should be stored 
away from flames. Provide a fire-resistant area 
for paints stored inside a building. A well- 
constructed metal CONEX box is generally 
suitable for small quantities. Good 
housekeeping practices can help avoid accidents 
or fires. 



STOWAGE OF TOOLS 
AND EQUIPMENT 

Tools not permanently mounted as shop 
equipment should be kept in the shop's ^central 
toolroom to allow for an accurate inventory, 
proper cleaning, repairs, and stowage. When not 
in use, jacks, safety stands," and creepers should 
be removed from the working areas to reduce 
accidental damage to tools , and injury to 
personnel. 

Toolkit mount-out boxes should be retained 
and maintained by inventory for re-use during 
mountouts. Tool inventories are normally 
conducted on 3 biweekly basis. They include 
shop equipment and complete kits in the custody 
of the mechanics or the toolroom. Other tools 
are available to the mechanics through the 
battalion central toolroom and from kits not 
normally assigned to "A" company. Civil 
Engineer Support Office (CESO) has established 
a National Stock Number breakdown in NSN 
sequence of Sets, Kits, and Outfits (SKO) to aid 
the supervisor in identifying, inventorying, and 
ordering individual items within kits. 

Safety and preventive . maintenance 
inspections of power tools are conducted 
through the unit's central toolroom and are the 
responsibility of the support section supervisor. 
Maintenance of sfiop tools is scheduled as 
prescribed by the manufacturer. Daily 
maintenance is conducted by assigned shop 
personnel. Weekly, monthly,,, and quarterly 
services are performed by support shops 
personnel. 

HANDLING GASES 

Gases normally used by Construction 
Mechanics include oxygen, acetylene, MAPP- 
gas, helium, and butane. Oil and grease must 
NOT be allowed to come in contact with gases; 
if so, they will explode, or burn out of control. 

Compressed gas containers will be 
segregated, stowed in the manner prescribed, at 
specific distances from each other, and working 
areas. Safety Precautions for Shore Activities, 
NAVMAT P-5100 provides the guideline; for 
stowmg and handling compressed gases. ^ 
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HANDLING FUELS 

Fuels may be stored in underground tanks, 
fuel bladders, or properly eqlrippe4 fuel tankers. 
The method of disbursing fuels depends on 
whether ihe site is temporary or npt. At a 
temporary site, drummed fuels may be used. 
When selecting a fueling site, consider 1 the 
accessibility of vehicles requiring fuel. 
Tracklaying equipment and automotive 
equipment are usually fueled in separate areas to 
avoid congestion. 

H A NDLI Ny TIRES 

Ready-to-issue tires, are drawn from supply 
and stored in the repair area. Do you know how 
many to get? That depends on several factors, 
including the number, size, and type of tires on 
the ground; the type of operates underway; 
* and operating conditions. Keep ready for issue 
enough tires of each type to prevent long delays 
at the tire shop, the fewer kept, the easier it 
makes your inventory of unmounted tires. 

When removed from active vehicles in a 
tactical unit, spare tires are 'identified and 
maintained so they can be remounted during 
mountout. They are NOT part of the ready-to- 
issue stock. Where possible, store unmounted 
tires in a covered rack to prevent them from 
collecting water, oil, and other foreign matter. 
Or put them on pallets (according to size) and 
cover with canvas to prevent dry rot and 
weathering. Either way, they can be maintained 
at low cost and inventoried quickly and 
accurately. 

Not all personnel assigned to work at the tire 
snup are mechanics. Nor are they experienced in 
tire repairing and stowage since rotation into 
other assignments are frequent. In any shop 
where this is the case, supervise the workers 
closely and make sure they work safely to'avoid 
ki jury. 



AIR POLLUTION CONTROL 

As a Construction Mechanic, you work in or 
arOund many things that contribute to air 



pollution; -for example, vehicle exhaust gases, 
paint booths, parts washers, and spray cans. As 
a result, you are in a position "to play an 
important part in controlling air pollution. 

FUEL COMBUSTION 

Unburned gases and biproducts of burning 
fiiels are emitted from the exhaust systems of 
automotive vehicles. The amounts omitted are 
less in properly maintained and tuned vehicles 
that are equipped with emission control systems. 
As supervisor or inspector, you must make sure 
that these systems work properly. Also, you are 
responsible for removal of exhaust fumes from 
the working areas. Heavy fumes can be removed 
by cross ventilation or properly placed pedestal 
fans. The preferred means of removing exhaust 
gases is through a suction-ducting system that 
filters and cleanses the harmful products. Look 
in the Ait Pollution Engineering Manual, AP-40 
for information on containing and cleansing 
shop em/ssions. Your local environmental 
pollution/agency can assist you in maintaining 
standards. 

SPRAYS AND GASES 

Paint spray contains heavier contaminants 
than exhaust gases and is controlled differently. 
Paint is sprayed in a well-ventilated area 
designed for painting, or in spray paint booths, 
where additional hazards are introduced unless 
filters and exh«ust systems work properly. The 
painters must wear the right kind of filters or 
masks to protect themselves against the effects 
of spray painting. Since the enclosed work areas 
increase the potential of an explosion, all 
electrical connections and switches must \>e 
explosion proof. 

Gases that force paint out of spray cans also 
pollute the air. When many cans of spray paint 
are used, a hood or device that sucks paint 
fumes into the ventilation system is needed. 

Hoods and exhaust fans should be installed 
at the parts washers. Fans combined with cross 
ventilation will help protect the workers. 
However, fumes must NOT be exhausted into 
other work spaces. 
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FUEL SPILLAGE 

When spilled in the Shop, fuels are 
hazardous. They cause fires and accidental falls 
and they contaminate air and water. Small spills 
can be cleaned with sorbents that must be 
properly disposed of. Good housekeeping means 
fewer accidents. 

BULK FUEL SPILLS 

Controlling fuel spills that occur on and near 
water meails having to clean the contaminated 
beaches usually with sorbents. Sometimes, parts 
of a beach must be removed. But that depends 
on the kind of fuel spilled and the extent of 
contamination. 

If in charge of the cleanup, you will provide 
the sorbents and the personnel to clean up the 
spill. Sorbents may be natural or modified 
natural products, such as straw and clays. Or 
they may be made of synthetic material, such as 
polymer, resin, or rubber. Sheets or pad? of 
polyurethane foams are the most effective. 
£oams are more expensive to manufacture. 
However, they are reusable after treatment in 
most cases. * 4fc 

The amount* of oil absorbed will vary with 
the nature of the oil. Straw, for example, is most 
effective with bunker.fuel oil and least effective 
with gasoline or JP-4 type fuel. After use, 
sorbents are picked up and hauled to disposal 
sites. 

For more on containing and controlling fuel 
spills, refer to Oil Spill Control for Inland 
Waters and Harbors, NAVFAC P-908 or your 
local environmental pollution agency. 
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STATION FUEL SPILLS 

Spills at fueling stations are normally smaller 
than bulk fuel spills. They may be absorbed with 
sand or oil dry-type sorbents. These sorbents 
must be properly disposed of also. 

Fueling spifis spells fire! Hosing the affected 
area with water will dilute the fuel to a degree, 
but also spread the fuel over a larger area. Fuels 
may contaminate water systems as well as sewer 
systems. Should a large quantity of volatile fuel 
enter a sewer system, notify proper authorities. 

Oil drums at fueling stations used by the 
Equipment Operators must have a catch trough 
for spillage. Oil caught in this way is placed in a 
container for waste oil. Waste oil from service 
stations, shops, and lubrication areas are 
disposed of by re-refining when possible., 

Using waste oil as a dust or weed control 
agent is prohibited, because this oil often washes 
into water systems during heavy rains. Burning 
of waste oil contributes^ air pollution and is a 
no-no. Re-using or burning waste oils is allowed 
in large power plants which can separate 
contaminates or blend the waste with fuel 
properly. 

FIELD REPAIR SPILLS 

f Field repair personnel are responsible for 
collecting oils and fuels drained during repair 
operations. Spilled lubricants penetrate the soil 
and could reach the ground water table. 
k Contaminating the ground water table may 
harm local drinking water. Immobilize a ground 
spill by adding dry soil which soaks up the spill. 
To prevent contamination of the water table, 
collect the waste lubricants and return them to a 
collection point for disposal. 
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A good supervisor must possess a large 
amount of TACT and DIPLOMACY. Directing 
shop activities requires that you contact all types 
of people; i.e., the mechanics who work for you, 
the personnel (military and/or civilian) who 
operate the equipment, and the officers (or 
civilian) to whom you are responsible. You must 
be very careful not to let prejudices interfere 
with your good judgment. 

A good transportation maintenance shop 
supervisor will need all of his past experience. 
Experience shows up in diagnosing mechanical 
troubles accurately, scheduling and planning 
repair work skillfully, using all kinds of repair 
equipment, and directing the many activities in 
maintaining transportation and earthmoving 
equipment. 

M sometime during your career in the Navy, 
you may be assigned as a foreman in a Public 
Works (PW) Transportation Maintenance Shop. 
You may* also have to serve as supervisor of a 
Construction Battalion Equipment Maintenance 
Shop. Because of the variation in the two 
different types of duty, the responsibilities of a 
foreman in a PW transportation maintenance 
shop will be discussed in this chapter and the 
battalion equipment company shops 
" supervisor's responsibilities will be discussed in 
the following chapter. Although many of the 
positions have the same basic duties, the 
methods of doing the work may differ 
considerably. Certain areas of cost control vary 
a great deal. Duty in a transportation 
/ maintenance shop-includes work of a continuing 
[ nature. Therefore, to provide continuity, civil 
Vservice personnel are also employed. 



EW TRANSPORTATION 
DEPARTMENT 
ORGANIZATION 



A PW transportation department of a naval 
shore facility is generally stationary. As a 
supervisor in the PW maintenance branch, you 
would probably not have to plan and construct a 
new transportation shop, but would supervise 
the repair of equipment. However, if you are 
involved in the establishment of a new base, you 
will probably be consulted about the location 
and layout of the maintenance shop's. Detailed 
information on the physical layout of the 
buildings can be obtained by referring to Naval 
Facilities Planning Guide, P-437. The location 
of tools and shop equipment will depend on the 
amount and type- of equipment to be 
maintained. 

The PW transportation organization 
discussed in this chapter will be typical 
of the type usually found within a public works 
activity. ( The titles and organization 
may vary' from activity^ to activity. To learn 
more about these organizations, you should 
obtain and study current NAVFAC instructions 
and publications which pertain to the public 
work centers and public work departments. By 
referring to, figure 3-1, you can see that 
the Transportation Division is broken down 
into two branches— Operations Branch and 
Equipment Maintenance Branch. Note that both 
come under the control of the transportation 
division director who reports through a chain 
of command to the Public Works Officer 
(PWO). 
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o SHOP REPAIR ORDER 
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Figure 3-1.— Functional organization for transportation management. 



DUTIES AND RESPONSIBILITIES • 
OF SUPERVISORY PERSONNEL 

This phase of our discussion deals with the 
duties and responsibilities of various supervisory 
personnel within the maintenance branch. 
Remember that thesejduties and responsibilities 
will vary from activity to activity. The individual 
assignments will depend upon the needs of the 



activity and the skill and experience of personnel 
available. The Public Works Officer makes the 
final decision. 

TRANSPORTATION DIVISION 
DIRECTOR 

\ As head of the Transportation Division, the 
transportation director exercises full technical, 

, \ 
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managerial, and administrative responsibility 
for organizing, directing, and controlling the 
work of the division. The director also functions 
as the technical advisor within and outside the 
activity in planning and procuring 
vehicle/ equipment requirements for the activity 
and other supported customers. 

The transportation director exercises 
complete managerial responsibilities for the 
efficient, economical, and timely administration 
of the divisions; directs operations assignments; 
manages scheduled preventive maintenance as 
well as repair/overhaul; and is charged with the 
requisition and disposition of automotive 
vehicles, construction, materials-weight 
handling, and miscellaneous specialized 
equipment. 

• V 

MANAGER OF THE EQUIPMENT 
MAINTENANCE BRANCH 

The manager of the maintenance branch is 
responsible for planning, Work direction, 
administration, and acts as, and assumes the 
duties of, the transportation director in case of 
absence. The maintenance branch's 
responsibilities include: 

1. Timely preparation and submission of 
the maintenance division fiscal financial budget. 

2. Scheduling of work for subordinate 
supervisors and planning for the efficient use pf 
materials and equipment. 

, 3. Organizing, coordinating, and directing 
the work activities of personnel and units 
supervised. 

4. Maintaining a. balanced workload for 
subordinate work units by shifting personnel 
effectively among the units. 

5. Coordinating the work in areas 
responsibilities with other activities and 
department/division supervisory personnel to 
maintain a balanced scheduled workflow. 

6. Reviewing and analyzing production, 
cost, and personnel utilization records to 
evaluate the progress of work and to control or 
reduce costs. 



7. Reviewing completed work records 
(Shop Repair Order, NAVFAC Forn^-^ 
9-11200/3A, in figure 3-2) and other computer \ 
reports to assure that production and quality 
standards are met. 

8. Inspecting the shop areas periodically, 
and checking safety conditions, cleanliness, 
security, requirements for materials, and shop 
equipment. 

9. Acting on any personnel matter 
concerning subordinates and assisting in the 
resolution of grievances referred by subordinate 
supervisors. 

10. Promoting safety programs within the 
immediate organization, and reviewing the 
safety performance of the Supervisors, and 
initiating corrective action ss required. 

11. Seeing that progress, production, cost, 
and other records are prepared, maintained, and 
consolidated. 

12. Developing training programs for 
employees and subordinate supervisors. 

PRODUCTION CONTROL 
SUPERVISOR 

The production control supervisor is 
responsible for receiving, inspecting, and 
classifying, within applicable Navy codes, all 
new and used equfpment, preparation of reports 
on equipment received; scheduling equipment 
into the shop for it* first servicing; and 
arranging for its inclusion into the preventive 
maintenance program. Additionally, the 
production control supervisor determines parts 
and tools required to support equipment during 
its life cycle; directs the inspection of vehicles 
coming into the shop to find the nature and 
extent of repair or preventive maintenance 
service required; and determines the most 
economical means and methods of repairs. The 
production control supervisor applies standard 
hours and cost estimates on individual 
equipment jobs; initiates shop repair orders; and 
schedules work into the various work 
centers/shops for orderly accomplishment. 
Finally, the production control supervisor 
directs the inspection of the mechanics' work 
while in progress; insures a quality inspection . 
upon completion ol this work; and directs the 
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Figure 3-2.— Shop Repair 



maintenance of PM records, shop backlog 
records, and vehicle history files. 

MAINTENANCE AND REPAIR 
FOREMAN 

The foreman of Maintenance and Repair 
Shop supeWistS subcenters, such as the body 
and paint shop, battery shop, tire shop, 
toolroom, and lubrication shop. Responsibilities 
of the foreman include: 

1. Establishirtg priorities and sequences in 
which scheduled workloads will be 
accomplished, primarily on a day-to-day/ 
job-by-job basis. 
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2. Analyzing and interpreting shop repair 
orders, work requests, and other work 
documentation and specifications to determine 
work requirements. 

3. Assigning work among subordinates and 
providing specific material requirements. 

4. Consulting with higher authority and 
staff personnel to make sure that appropriate 
tools, materials, and equipment are available as 
needed. \ 

5. Requesting and coordinating the services 
and work of other shops when required. 

6. Assigning work by written or oral 
orders. * 
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7. Assisting in the training of subordinates 
in work methods, procedures, and the operation 
of tools and equipment, both new and already in 
use. 

8. Certifying that the work is efficient and 
economical and that the work is performed 
safely. 

3> 9. Anticipating operational problems and 
acting to overcome delays. 

10. Directing and recommending changes in 
shop layout to improve efficiency. 

11. Insuring that subordinates houseclean. 

12. Issuing and enforcing safety practices 
and fire regulations. 

13. Checking attendance and leave of 
subordinates and other personnel matters. 

CONSTRUCTION AND SPECIALIZED 
EQUIPMENT SHOP FOREMAN 

The foreman of the Construction and 
Specialized Equipment Shop supervises the 
machine shop as a subcenter. The 
responsibilities are basically the same as those 
given under maintenance and repair foreman, 
except fQr the technical supervision. This shop is 
responsible for the maintenance, repair, and 
major overhaul (mechanical and electrical) of 
specialized equipment, such as tractors, graders, 
ditchdiggers, bulldozers, road rollers, asphalt 
machines, farm tractors, jet starters, auxiliary 
power units, emergency generators and pumps, 
and aircraft tow-tractors. 

• 

The machine shop bores cylinders; rebuilds 
all types of gasoline and diesel engines, 
automatic transmissions, and differentials; and 
performs other related repairs. 

PREVENTIVE MAINTENANCE 

The most important phase of the 
maintenance system is scheduled, periodic 
preventive, maintenance (PM). P}4 is the 



systematic inspection, detection, and correction 
of potential equipment failures before they 
develop into major defects. The purpose of PM 
is to keep equipment in safe and reliable 
condition, with maximum equipment 
availability and minimum cost of maintenance. 

Operators are the first line of defense against 
equipment wear, failure, and damage. 
Equipment must be inspected by the operator 
daily— before, during, and after operations so 
that defects or malfunctions can be detected 
before they result in serious damage, failure, or 
accident. 

It is your responsibility, as a CM1 or CMC, 
to see that the operators are performing their 
duties. You should work with the operations 
branch in making recommendations regarding 
operator^ PM. Changes may be necessary in the 
operators' PM to cope with certain operating 
conditions. You may need to set up classes of 
instruction for the operators so that they will 
become familiar with the right way to maintain 
their equipment, especially when new equipment 
is received in the activity. If you do set up 
classes, be sure to coordinate your training 
periods with the foreman in charge of the 
equipment operations branch so that you do not 
interfere with the foreman's equipment 
operating schedules. Also, try to have the 
equipment on hand so you can point out 
maintenance services that need attention. It is 
better to hold the instructions with small groups 
and to keep them as informal as possible. Do not 
forget to stress operator maintenance on the 
overall operating efficiency of the equipment. 

SERVICE STATION 
PREVENTIVE MAINTENANCE 

Service station PM is what you would expect 
from any first-rate filling station when you 
purchase fuel; namely, washing the windshield, 
checking the oil, battery and radiator water, fan 
belt, tire conditions, etc. Unfortunately, 
shortages of personnel have sometimes curtailed 
this type of maintenance. Service station PM is a 
"visible" area of public works, but is not 
intended to relieve the Qperator of his 
responsibility. 1 
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SAFETY INSPECTIONS 

Vehicles will" be inspected periodically by 
qualified automotive inspection personnel for 
safety as follows: 

Each motor vehicle will be inspected for 
safety at intervals not to exceed 6 months or 
6,000 miles,' whichever occurs first. To avoid 
unnecessary downtime, the safety inspection will 
be performed at the time of the scheduled 
v. serviceability inspection in accordance with the 
manufacturer's fecommeniiation. This safety 
inspection will include all the items listed below. 
All deficiencies uncovered during the safety 
inspection that affect the safe operation of the 
vehicle will be corrected before the vehicle 
becomes operational again. 

1. Biakes 

a. Test to see if brakes are in good 
working order. 

b. Check brake pedal free travel as 
required. 

c. Remove front and rear brakedrums; 
inspect lining for wear or cracking; inspect lining 
for excessive wear; and check wheel cylinders for 
leaks and deterioration. 

d. Check fluid level and all hydraulic 
brake lines for leaks. 

e. On airbrake systems, inspect airbrake 
accessories, all air lines, and air tanks for leaks 
and deterioration; check airbrake instrument 
controls, air valves, trailer hose, and glad hands. 

2. Lights 

a. Check all lights, signals, and 
reflectors. < 

b. Chfck condition of trailer jumper 
cable. ^ 

c. Check headlights for proper aline- 

ment. 

3. Instruments, Controls, and Warning 
Devices 

a. Check all instruments, gages, mirrors, 
switches, controls, horns, and warning devices 
for function and damage. 

4. Exhaust System 

a. Check muffler, exhaust, and tailpipe 
connections for leaks. 1 



5. Steering System 

a. Check all steering devices and linkage 
for wear and damage. « 

6. Seat Belts 

a. Check *all safety belts for wear and 
correct mounting. 

7. Fifth Wheel and Trailer 

a. Check fifth wheel mounting bolts or 
clamps, and the operation of the safety lock. 

b. Check trailer kingpin for wear or 
damage. 

c. Check towbars, tongue sockets, and 
safety chains. 

8. Tires 

a. Check all tires for damage and excess 

wear. 

b. Remove and replace all tires showing 
1/16 inch or less of' tread. 

c. Check wheel lug nuts for tightness, 

9. Windshield Wipers, Glass, and Defrosters 
a. Check wipers, glass, and defroster for 

operation, wear damage, and deterioration. 

UNSCHEDULED MAINTENANCE 
SERVICE 

Unscheduled maintenance service is the 
correction of deficiencies reported by the vehicle 
operator that occur between scheduled safety or 
other inspection and services prescribed by the 
manufacturer. Unscheduled maintenance 
services will be limited to correcting only those 
items reported as deficient by the operator and 
confirmed by qualified inspection personnel. 
Unreported deficiencies observed by the 
inspector at an unscheduled service and, in 
particular, those affecting safety will be 
corrected prior to releasing the vehicle for 
service. 



COST CONTROL 

The Navy's cost control system is designed to 
obtain complete cost data on maintenance and 
operation of automotive, construction, 
^refighting, railway, weight-handling and 
materials-handling equipment. Actual 
performance of maintenance work is compared 
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to hourly standards for ^such work, as 
established and published by various 
manufacturers and the Naval Facilities 
Engineering Command (NAVFAC), to 
determme efficiency of maintenance operations. 
The Navy also uses cost control to justify the 
performance of repairs at its activities, 

RECORDS AND REPORTS 

In the cost control system, all costs 
accumulated in the maintenance and Operation 
of the equipment are recorded and charged to 
appropriations and allotments. These costs may 
be direct or indirect labor or material. They may 
also include services provided, such as shop 
stores, utilities, and even building maintenance. 

To evaluate performance and to assist in 
effective management of transportation 
maintenance, a series of transportation 
management reports has been designed which 
will furnish useful information to management 
at all levels. These reports are prepared by the 
accountable fiscal office from the cost records 
maintained in that office, and from feeder 
reports prepared by the transportation' office. 
These reports provide the facts required by 
supervisors to pinpoint deficient areas and 
should be used for corrective action. 

The objectives of the transportation 
management' reports are to provide: 

1. Information on the productivity of 
maintenance shop personnel "(actual versus 
standard hours). 

2. Data on overhead costs. 

3. Comparison betweenv^ictivity costs and 
commercial costs. 

4. Comparison between actuajtdirect labor 
hours expended and established maintenance 
input standards. 

5. Comparison tffetween actual and standard 
maintenance costs. 

Variances indicated in reports frequently 
require a searching* review of detailed shop 
records to determine the causes. The individual 



Shop Repair Order, NAVFAC torm 
9-11200/3A, shown^n figure 3-2, and the "Shop 
Repair Order" (Continuation Sheet), NAVFAC 
9-11200/3B, shown in figure 3-3, contain all of 
the basic data required for this review. 

A Shop Repair Order (SRO) is the 
transportation equivalent of the specific job 
order. It is initiated by the control section 
inspector/estimator or other specifically 
authorized personnel designated by the 
Equipment Maintenance Branch supervisor. It is 
the authorizing document, estimating form, and 
cost control record of maintenance 
expenditures. Repair costs are estimated in 
advance to insure' that costs stay within 
economic limitations and to provide a standard 
against which to measure job performance and 
productivity of the mechanics. Estimates for 
transportation repairs are taken from 
commercial Flat Rate Manuals or estimating 
guides. Labor costs and material costs are logged 
on the SRO by shop personnel, and the 
completed document then serves as a principal » 
source of data for transportation reports and 
analysis. 

DEPTH OF MAINTENANCE, 

REPAIR, AND OVERHAUL 1 

The depth of maintenance, repair, and 
overhaul is governed by many factors, mainly 
economics— that is, io provide the best service 
available at the least possible costs. 

The geographic location of an activity bears 
heavily on the depth of maintenance, repair, and 
overhaul which a maintenance shop must 
perform. Maintenance costs must compare with 
.national standards. It is easy to see that an 
activity near a large city, where many repair 
services 'are available at commercial shops, is 
limited as to the type of repairs allowed. Due to 
the large ^volume of work, many of these 
specialized commercial shops can perform 
services at a reduced cost. When the commercial 
shop is nearby, there are no appreciable 
transportation or shipping costs to be added to 
the cost of repairs. On the other hand, an 
activity located a great distance from 
commercial sources of repair services and 
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Figure 3-3.— Shop Repair Order (Continuation Sheet), NAVFAC Form 9-11200/3B 



supplies would be able to justify doing its own 
major repairs due to the time, need, and 
shipping charges involved in having the work 
done outside. 

The size of an activity also governs the 
amount and depth of maintenance, repair, and 
overhaul services. Here, volume is the 
determining factor that reduces the maintenance 
cost to a level comparable to that of available 
commercial facilities.^ 

COST JUSTIFICATION 

The Navy system of preventive maintenance, 
implemented by the cost control system with its 



accounting procedures and reports, is a 
continuing justification for the transportation 
maintenance shop's existence. Costs must be 
justified unless the work is highly classified or 
the geographical location is extreme. 

Remember that needed repairs alone do not 
justify repair by the service maintenance shop. 



STORAGE, PRESERVATION, 
AND DEPRESERVATION OF 
VEHICLES AND EQUIPMENT 

There is more to storing vehicles and 
equipment than merely driving them iAto open 
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areas, warehouses, or active storage. Vehicles 
and equipment are complex when they are being 
prepared for storage. All components of the 
equipment must be considered, as well as the 
basic unit, to insure efficient operation, with a 
minimum amount of work after storage. The 
objective of preservation and storage is to 
provide efficient and economical protection to 
components and equipment from environmental 
and mechanical damage during handling, 
shipment, and storage from the time of original 
purchase until used. NAVFAC P-434, 
Management and Operations Manual For 
Construction Equipment Departments, contains 
the standards and guides for equipment 
preservation. ^j* 

The three levels of preserving and packaging 
equipment for storage are A, B, and C. 

Level A is that level of preservation that will 
protect adequately against corrosion, 
deterioration, and physical damage during 
shipment, handling, indeterminate storage, and 
worldwide redistribution. 

Level B is the degree of preservation and 
packaging which will protect adequately against 
known conditions less hazardous than A. Level 
B should be based on firmly established 
knowledge of the shipment and storage 
conditions and a determination that money will 
be saved. This level requires a higher degree of 
protection than that afforded by level C 
preservation and packaging. 

Level C is protected adequately against 
corrosion, deterioration, and physical damage 
during shipment from the supply source to the 
first receiving activity for immediate use. 

The proper level of preservation depends on . 
the availability of information on the probable 
handling, shipping, storing units, and conditions 
to which the vehicles and equipment will 
undergo before final issue to the command. 
Physical characteristics of the vehicles -and 
equipmeht must also be considered. 

An approved cleaning technique is a first in 
preservation. Any applied preservation depends 



upon the quality of surface preparation. 
Effectiveness of an applied preservative may be 
measured by the quality of the surface 
preparation. All corrosion and contaminants 
must be removed before a preservative is 
applied. 

No single cleaning method or material is 
suitable for all cleaning situations. The selection 
of a cleaning method, or combination of 
methods, depends on one or more of these 
factors: 

1. Material composition of the part. 

2. Complexity of construction and assem- 
bly. 

3. Nature of contaminants as well as extent. 

4. Amount and age of equipment. 

5. Availability of cleaning materials and 
equipment. 

Steam cleaning is suitable for removal of 
greases, tar, road deposits, and other 
contaminants. This process is particularly 
adaptable to parts other than the ENGINE and 
GEARCASE EXTERIORS of vehicles and 
equipment that ordinarily would not be 
disassembled before preservation. Engines and 
gearcases should be cleaned by spraying with a 
degreasing solvent, by allowing for solvent 
penetration, and, finally, by flushing with a 
clean petroleum solvent or by wiping with a 
clean cloth. 

Active storage means that complex 
equipment is maintained in serviceable condition 
by operating all components for brief periods at 
regularly scheduled intervals. When lubricants 
are redistributed, friction is reduced and 
deterioration is prevented or reduced to a 
minimum. Only unboxed automotive and 
construction-type equipment is included in the 
active storage program. 

Material preserved and packaged for storage 
or shipment requires depreservation and 
servicing prior to use. Equipment must be 
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lubricated under the manufacturer's 
instructions. Seals and closures should be 
removed* Housings, casings, and other 
. enclosures should be drained of preservatives 
. and refilled with specified operating fluids prior 
to operation. Those components that were 
removed for storage should be reinstalled. 

Upon activation, in equipment containing 
piston-cylinder components— such as internal 
combustion engines and air compressors — rotate 
the crankshaft slowly with the throttle closed, 
ignition off, and compression release lever (if so 
equipped) in START position. 

Avoid abrasives in removing preservatives. 
Remove blocking, wiring or strapping from 
clutch levers or pedals secured in a partially 
disengaged position. Adjust drive belts on which 
tension has been released. Flush from the system 
any corrosion inhibitor mixed with preservative 
oil. 

The above procedures and methods are 
equally applicable to the NMCB's. 

TECHNIQUES OF SCHEDULING 

An effective and efficient maintenai^e 
program requires a scheduling system and sound 
shop control. In accordance with Management 
of Transportation Equipment, NAVFACP-300, 
equipment should be scheduled for inspection 
and service by time, mileage, or operating hours 
as . recommended by the manufacturer. The 
schedule may be set by determining (or 
estimated) annual use of each vehicle and 
dividing by the manufacturer's recommended 
interval to determine the number of PM's per 
year for eaqh vehicle. By dividing the number of 
PM's required into 252 working days per year, 
you will obtain the number of working days 
between PM's or inspection (group) for each 
vehicle. From this figure, a schedule can be 
established for a quota of vehicles to be 
inspected daily, or a balanced workload. Safety 
inspection intervals of 6 months or 6,000 miles 
shall not be exceeded. 

Establish the daily quota of vehicles that will 
be scheduled for PM services during the 
forthcoming 6 months by ascertaining the 
number of vehicles that will be scheduled daily. 



and the number of vehicles that will be serviced 
on intermittent days. For instance, if there were 
150 vehicles in PM Group 50, the vehicles would 
be scheduled at the rate of three ydtfefes^er day 
(150 divfded by 50 equals three vehicles pert day). 
If there were 10 vehicles in PM Group 12<Cthe 
vehicles would be scheduled at the rate 
approximately one vehicle every 12 1/2 days (10 
divided by 126 equals the ratio of one to 12.6 or 
approximately one vehicle every 12 1/2 days). 
The following is an example of developing a 
schedule of a hypothetical activity. 

Example: The daily quota established for a 
hypothetical activity with 278 vehicles in the PM 
Groups listed below would be as follows: 



Number of PM Group 
Vehicles 



50 



83 



126 



13 



278 



126 



84 



63 



50 



.31 



Established 
Daily Quota 

50/126 = 1 to 2.5— 
Schedule 1 vehicle, 
every 2 1/2 days. 

83/84 = .99 to 1 — 
Schedule 1 vehicle per 
day. 

126/63 = 2 to 1 — 
Schedule 2 vehicle per 
day. 

6/50 = 1 to 8.3— 
Schedule 1 vehicle 
every 8 days. 

13/31 = 1 to 2.3— 
Schedule 1 vehicle 
every 2 1/2 days. 



These 278 vehicles in the hypothetical 
activity would be scheduled as illustrated. It will 
be observed that: 

(a) Vehicles in PM Group 126 and 31 are 
scheduled on an alternative basis of between 2 
and 3 days to compensate for the ratio of one 
vehicle to 2 1/2 days. 

(b) Scheduling for PM Groups 31 and 50 
begins on the second and fourth days 
respectively to balance shop workloads. 

(c) Irregular intervals for PM Group 50 are 
arranged to balance shop workloads. 
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A-rrange the PM Record cards in the tub file 
hi the daily sequence in which the PM services 
will be performed. Divider No. 1 represents the 
first day, divider No. 2, the second day, and so 
on. 

PROGRESS CONTROL AND 
t CHARTING PROCEDURES 

Control, positive direction of shop 
workloads* is achieved -through current 



information on direct labor available in 
shop work centers, backlog man-hours by work 
center, and man-hours assigned. One means 
is a transportation maintenance shop 
workload control board (fig. 3-4) to display the 
workload status of the shop/work centers. The 
indicator on each line* can t)e moved across 
the scale to. show current standard hours of 
backlog. This board may also show the 
available man-hours by shop or subcen- 
ter. 




Figure 3-4.— Transportation maintenance shop workload control board. 
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Progress in-obtaining the most availability of 
safe working equipment within budget 
restrictions may be charted as required by local 
commands. Accuracy in man-hours expended 
and maintenance cost is essential to meaningful 
data. Comparison of standard hours with actual 
^man-hours-sould indicate a shortage^ ability!} 
*lack of training/or even shop or tool features 
that cause delays. When standard hours are 
added to induction time, you should be able to 
forecast an accurate completion date. Time 
spent obtaining repair parts may also be charted 
jind used to determine positive or negative 
availability or management. Some Public Works 
have contracted repair parts suppliers to increase 
availability and reduce lead time. 



ESTIMATING PROCEDURES 

The use of arrow diagrams, critical path, 
network analysis, and precedence diagrams will 
be covered in chapter 4 of this manual. Projects 
undertaken by a* PW are recurring and fit bar 
chart scheduling. Bar charts are activity or time- 
oriented charts used to monitor and control 
work progress. They may indicate equipment 
schedules, * progressing activities, and overlaps 
through the entire project. Since bothmanpower 
and equipment are reasonably stable' in PW's, 
the bar chart may be used over a short or long 
time by management. ^ 

EQUIPMENT ESTIMATES 

The type and number of equipment required 
will depend upon the scope of the project. By 
using the manufacturer's production or 
standards equipment ratings and dividing into 
the total, you may determine the total number of 
loads. This figure, divided by the time available, 
will give you the number per time. After 
adjusting for distance, loading time, and 
unloading time, you may determine the number 
of units required for a project within a given 
time for a particular type of equipment. 



Example: You have ,4,000 yards of dirt to 
move with 5-yard-rated dumps in 20 working 
days. Turnaround time is 30 minutes per truck. 
The working day is 7 1/2 hours: 

4,000 yards 5 yards = 800 loads 

800 loads *r* 20 days = 40 loads/day 

7.5 hours -r .5 hours = 15 loads per truck/day 

40 loads + 15 loads = 2 2/3 trucks/day 

A minimum average of 3 trucks will be 
needed to move this dirt in 20 working days. 

Once this figure is determined, you may 
adjust it as needed. Days lost due to weather 
might be made up with extra trucks. One truck, 
off the jpad an hour for tir£ repairs, would not 
hurt your schedule. With the bar chart to 
schedule vehicles, you could foresee when extra 
trucks could be available. Otherwise, the 
completion date would shift, and aoy other 
place these units are scheduled would also 
require adjustment. For example, the removal of 
dirt may affect other aspects of the project. 
These affects may be readily seen on a properly 
prepared bar chart. 

MANPOWER ESTIMATES 

Manpower may be estimated like equipment. 
The standards for each task have been 
established and set in manuals, such as the Flat 
Rate Manuals. Though it is possible to bar chart 
each crew or individual all the way through a 
project, this detail becomes impractical because 
of vacations, sickness, or other emergencies. On 
numerous task's, assigning more personnel will 
not increase productivity; on the contrary, this 
step may hinder and lead to mistakes. For 
instance, if you -assign tHfee more dump trucks, 
you must assign operators and, to assign four 
people to change one tire would cause wasted 
man-hours. 
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CHAPTER 4 

BATTALION EQUIPMENT COMPANY 
SHOPS SUPERVISOR 



Jn a Naval Mobile Construction Battalion 
(NMCB), the equipment maintenance branch is 
composed of four sections— administration, 
automotive repair, heavy equipment repair, and 
support. These sections come under the overall 
supervision of the maintenance supervisor who 
is normally a CMCS. As a CM1 or CMC, you 
may be assigned as £n inspector or supervisor in 
any one of the four sections ' within the 
maintenance branch. * 
# 

In your role as a supervisor or inspector, you 
will not only need to call upon all of your past 
experience, but also you will have lo be 
constantly alert for new ideas 'and ways of 
accomplishing your mission within the time 
allotted. .Of course, skillful u predeployment 
planning is essential, but, deployn\ents rarely go 
according to plans, especially with equipment 
maintenance. In addition to facifig unusual 
maintenance problems not encounterea at a 
public works duty station, you must be pady to 
pack your gear and mount out at any given 
moment. 

*■ 

.This chapter will describe the duties and 
responsibilities you will be expeeffel to perform 
when assigned to a section. It will cover the 
composition of the different sections as well as 
the , duties and responsibilities you wilf be 
expected to perform when assigned to any one of 
the sections. Remember that these duties and 
responsibilities will vary from battalion to 
battalion; assignments are made by the 
maintenance supervisor. 

One of the most important tasks is to stay 
abreast of developments in equipment 
maintenance. , Here are some publications to 



consult that will help you keep up to date: the 
Naval Construction Force Manual, NAVFAC 
P-315; Naval Construction Force Equipment 
Management Manual, NAVFAC P404, Naval 

v Construction FQrce Safety Manual 
(COMCBPAC/COMCBLANt Instruction 
5100.1 series); COMCBPAC/COMCBLANT 
ancf NAVFftC Instructions 11200 series; Qv\\ 
Engineer Support Office Maintenance Bulletins; 
Equipment Officer Technical Bulletins; and 

' Modification Work Orders. 



SETTING UP A MAINTENANCE 
BRANCH 

Due to the mobility of an NMCB, you will be 
required to assist the maintenance supervisor in 
planning for the location, construction, and 7 
layouf of the maintenance branch. 

Remember that the maintenance shops 
should be close to the transportation facilities. 
In additiqn, the site chosen should be large 
enough to' allow for expansion and have a large 
area for parking various vehicles which are 
deadlined of awaiting PM's or repair. The 
number and types of vehicles to be maintained 
are important in laying out the shop. You can 
get more information on the physical 
arrangement of the buildings from the Facilities 
Planning Guide, NAVFAC P437. 

TOOLS AND EQUIPMENT 

The quantitie^ and kinds of tools and 
equipment required far a maintenance shop will 
vary with each shop. In deciding what tools and 
what type of equipment to have on hand, 
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consider two factors: (1) the operational needs, 
of the battalion and (2) cost of the work at a 
component overhaul facility, Of course, the 
needs of the service come first, but not entirely 
without cost justification. Base your decision 
concerning the second factor solely on the facts 
and figures given in transportation maintenance 
management reports. 

In a maintenance shop set up for repairing all 
types of equipment,, you will coordinate and 
supervise work on many different types; 
therefore, study carefully the layout of the shop 
and the placement of shop equipment. Decisions 
on where to put shop equipment will probably 
— be yours. Xhis is where experience counts. You 
should know where the repair equipment is 
needed and where it will be accessible to the 
operators who will use it. Without careful 
planning you can waste a lot of space and time in 
shifting equipment from one place to another. If 
space in the main shop is critical, special repair 
equipment can be put in smaller shops or rooms 
adjoining the main shop. 

♦ 

Power tools, such as drill presses and bench 
grinders commonly used in repairing all kinds of 
equipment, should be located in or near the 
main shop area. The locations of other power 
tools, such as hydraulic or electric lifts, valve 
grinders, and machines for alining wheels and 
relining brakes, depend on where the tools will 
be best utilized. The master switch that controls 
all power in the shop should be installed where it 
can be reached quickly in an emergency. 

In placing power tools, secure the legs or 
bases to a level surface strong-enough to support 
them and make sure they will not move or 
bounce when in use. Before connecting 
stationary, electrically operated power tools to 
power outlets, be sure that each one is 
positioned so that the starting and stopping 
switch is within easy reach of the operator. 
Ground-fault interruptors should be installed to 
prevent accidental electrical shock. When .the, 
connection is ^complete, test the tools to insure 
, ' that the installation is safe: Also, let your 
mechanics operate them and consider any 
suggestions they may have for improvements. As 
always, make sure your tool and equipment 

I 
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operators wear protective gear. Double check 
often, looking for ways to improve the 
efficiency, as well as the safety of the whole 
maintenance shop. 

Welding equipment must be operated in an 
area apart from the re§t of the shop. Post hazard 
warning signs in the area and equip it with 
firefighting equipment. Erect screens that will 
confine flying sparks in order to reduce the 
chances of starting fires or getting into 
somebody's eyes. 

Tire repair equipment should also be in a 
separate section of the shop located near one of 
the shop entrances. With this arrangement, tire 
tools, tube-patching equipment, and airhoses 
can be used by the EO as readily as by the CM. 

Before deciding where to place an air 
compressor, (the^arge shops have more than 
one), consider the uses you have for air and 
where the air outlets would be most convenient. 
Compressed air is needed for operating 
pneumatic power tools, cleaning parts, and 
inflating tires. By keeping compressor lines as , 
short and free of bends as possible, you 
minimize drops in air pressure at the outlets. 
Short lines do not collect as much water as long 
lines and are therefore less likely to freeze in cold 
weather. When you have long lines, install I 
condensation traps in them and drain the traps 
daily. * 

Battery-charging equipment must be in a 
well-ventilated section of the shop away from 
the welding area, or in a separate well-ventilated 
explosive-proof building. Because fumes of 
hykrogen produced by a charging battery are 
higlHy explosive, always install an exhaust fan 
- Tiear the battery charger. Make sure a water 
outlet is available because an approved e>e wash 
and shower must be installed so that anyone 
involved in a battery shop accident can be 
bathed immediately to prevent severe burns. 
. Delay in diluting or washing out sulphuric acid 
from a victim's eyes could result in loss of sight. 

SAFETY 

Safety is everyone's responsibility. It is a 
never-ending job that cannot be left to an 
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individual or an office. Everyone must always be 
alert to ^accident prevention. You must 
eniphasize safe working practices to the point 
where they are routine. 

One of the basic rules of shop safety requires 
that everyone behaves himself. Practical jokes 
and horseplay cannot be tolerated. The possible 
consequences of such actions are too high a price 
to pay for the little humor derived. 

You can help prevent accidents by 
appointing a shop safety petty officer to detect 
unsafe practices, bad habits, and defective tools 
that would otherwise go unnoticed. Also replace 
your shop safety petty officer periodically, 
thereby rotating these duties. 

The number of personal injuries in a shop 
can be reduced through good housekeeping 
practices, fot example, keeping the shop floor 
free of grease and oil spots to help prevent 
mechanics and others from slipping or falling. 
Likewise, clearing the floor of creepers, stray 
tools, and parts will eliminate the chances of 
tripping over them. Curing bad habits will also 
cut down op injuries. Crack down on bad 
habits, such as leaving jack handles sticking out 
into walkways and leaving vehicle doors open 
while mechanics work underneath?"^ 

HEAT, LIGHT, AND 
VENTILATION A 

Heat, light, and ventilation for a large, 
permanent maintenance shop are included in the 
plan specification. However, the installation of 
these facilities in the Ismail or temporary shop 
will depend on the maintenance supervisor. 

Whether you Vill heat your shop depends 
upon its geographical location. .Heaters should 
be artfcnged to provide warmth where it is most 
needed. Persons working at benches or in the 
shop store require more hea|t than mtfn working 
in the main shop ■ for comparatively short 
periods. For this reason, heaters are placed iji 
oorners convenient to work benches and away 
from shop cloors/ 



For adequate lighting, most maintenance 
shops depend upon lights arranged in the 
overhead of the main shop, lights and windows 



near the work benches, and extension lights that 
can be plugged into electrical outlets. When you 
are in charge of setting up a maintenance shop, 
make sure that enough electrical outlets are 
provided for extension lights and electric power 
tools. Only the most elaborate shops have 
enough windows for efficient lighting. 

Re mo v ing exh aus t gases bee omes a big 
problem , in every maintenance shop. Large 
doors in the front and rear of the sh6p, and 
windows at the work benches will normally 
supply all the fresh air needed, but even these are 
inadequate to remove excessive amounts of 
exhaust gases. These gases rise and are trapped 
in the shop overhead unless roof opening^ with 
ventilating fans are provided. Normally, it is up 
to the supervisor of a temporary shop to provide 
his own method of ventilation. A piece of 
flexible steel or neoprene hose, attached to the 
exhaust on a running engine, and carried 
outdoors through an opening in the building will 
serve the purpose. Do not allow any unnecessary 
operation of an engine inside the shop. 

Wiien stationary gasoline or diesel engines, 
are used to produce power in the maintenance 
shop, provide exhaust outlets for them. Do not 
depend on naturaj ventilation through doors and 
windows. 1 



MAINTENANCE SUPERVISQRS 

Maintenance supervisors, usually CMCS's, 
have direct control over the administration 
section. * They are responsible for the 
maintenance and repair of all automotive, 
construction, and material handling equipment 
assigned to the battalion or Naval Construction 
Force (NCF) unit. Specifically, their duties and 
responsibilities include: 

t 1. Control and supervision of all 
maintenance personnel, through the shop 
supervisors. < 

2. Insuring adherence to the ^scheduled 
preventive maintenance program. * 

3. Insuring accurate cost control, record 
maintenance,, and updating. 

\ 
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4. Submitting equipment 
ALFA Company Comma 
Commanding Officer for dist: 
authority. 



reports to, the 
and the 
utibn to higher 




\ 5. Maintaining the Construction Mechanics* 
tool allowance and insuring that biweekly tool 
inventories are conducted. 

6. Providing technical and safety training. 

7. Providing technical assistance to the 
supply and logistics officer with regard to repair 
parts. 

8. insuring quality control of the repair and 
maintenance work. * 

< 

9. Insuring that the Battalion Equipment 
Evaluation Program is carried out under the 
latest instructions. 

SHOP INSPECTORS 

One of the keys to a successful maintenance 
. program is the shop Inspectors. This assignment 
requires maturity and tact when dealing with 
shop supervisors who are often militarily senior. 
Each inspector is normally a seasoned mechanic \ 
who has the ability to locate underlying causes 
of failures and prescribe corrective action and is 
alsb capable of determining repairs or 
determining the type of PM necessary. # The/ 
inspector determines which operator complaints 
receive immediate interim repairs and which fl?qy t - 
be delayed until the next scheduled PIS^ 
inspection or service. 

The inspector will conduct inspections of 
equipment in varied statuses. Deadlined or 
storage equipment inspections are equally as 
vital as PM or' interim inspections. Acceptance 
inspections are the basis for warranty work or 
parts replacement of new equipment by the 
manufacturer. It is probable that claims against 
carriers or shipping companies will require a 
complete inspection, as well as possible causes of 
damage. Inspections of vehicles involved in 
accidents are often subject to legal actions. 
Thoroughness ix\ inspection will prevent 
unnecessary downtime or rework and will clearly 
define what repairs ar^to be accomplished. . 



Before inspecting a piece of equipment, the 
inspector checks the file of the" Operator's 
Inspection Guide and Trouble Report (^g. 4-1) 
and the Operator's Daily PM Report (fig. 4-2). 
As part of the inspection, the inspector performs 
minor adjustments, completes appropriate 
record forms and completes the Equipment 
Repair Order (ERO) (figf . 4-3, 4-4, and 4-5). 

The ERO is delivered first to the cost control 
clerk for information on repair parts which have 
been received, or on order to prevent reorders. 
The ERO is then delivered to the maintenance 
supervisor for work approval and assignment. 
After repair or overhaul, the shop inspector 
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Figure 4-1.*— Operator's Inspection Guide and Trouble 
Report, NAVFAC 9-11240/13. 
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OPERATOR'S DAILY PM REPORT 
NAVFAC 11260/4(9-74) 
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Figure 4-2.— Operator's Daily PM Report, Construction and Allied Equipment, NAVFAC 11360/4. 
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performs a final inspection. After a satisfactory 
final inspection, the shop inspector recommends 
to the shop supervisor that tlfe equipment be 
released to full service. The ERO is returned to 
cost control for final closing. 

AUf OMOTTVE REPAIR 
SUPERVISORS 

Automotive shop supervisors, who. are 
usually CMC%-have direct control oyer the 
automotive .repair section and normally work 



directly for the maintenance supervisor. Among 
the duties are: 

1. Control and supervision of all 
maintenance personnel assigned *p the shop. 

2. Insuring that preventive maintenance is 
performed'under current instructions. 

3. Submitting accurate maintenance records 
to the cost control section^ 

4. ' Maintaining the mechanics* toolkits and 
conducting required inventories. 
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Figure 4-3.— Equipment Repair Order (ERO), NAVFAC 11200/41. 



5. Providing necessary technical and safety 
instruction and leadership. 

6. Insuring /^ll work listed on ERO's is 
performed and that any additional work is 
recorded and performed ^and authorized. 

7. Insuring that only top quality work is 
performed in the shop. 

HEAVY EQUIPMENT REPAIR 
SUPERVISORS ^ 

Heavy equipment repair supervisors, who are 
usually CMC's, have direct control over the 



heavy equipment repair section and work 
directly for the maintenance supervisor. In 
addition to the duties of 'the automotive repair 
supervisor just listed, the heavy equipment 
repair supervisor is responsible for the 
assignment and supervision of the field 
maintenance crew and injector shop if one is 
established. ' * 

Field Maintenance r . 

The importance of field maintenance and 
field repairs cannot be overemphasized. The 
success pr failure of. the deployment from an 
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Figure 4-4.— Equipment Repair Order (ERO), NAVFAC 11200/41 (back). 



equipment maintenance standpoint, and in some 
cases from the project standpoint, can be traced 
to the unavailability of equipment due to poor 
field maintenance or inability to perform 
adequate and timely repairs in the . field. 
Experienced field mechanics are worth their 
weight in gold, and the heavy equipment repair 
supervisor, must be careful in the selection of the 
field mechanics, , even to the point of 
shortchanging himself in the shop., In the long 
run, good field maintenance will reduce the shop 
workload and improve the operator's concern 
for the equipment. Remember, it is the 
responsibility of the heavy equipment repair 



supervisor to provide the tools afid equipment 
required by the field mechanics. 



Injector $hop 



When an area or shop has been established to 
repair injectors and injection pumps, it will 
normally be under the supervision of the heavy 
equipment repair supervisor. In addition to the 
necessary testing equipment, an injector repair 
area requires^ a method of controlling . the 
temperature and cleanliness. 
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Figure 4-5.-Equipment Repair Order Continuation Sheet, NAVFAC 11200/41A. 



SUPPORT SECTION SUPERVISORS 

Support section supervisors arc normally 
CMTs or CMCs who report directly to the 
maintenance supervisor. They are responsible 
for training, supervising, and controlling the 
support functions assigned to them by the 
nfaintenance supervisor. The support section 
normally includes the toolroom and shops 
described in the following paragraphs. All these 
shops perform their services to support the 
heavy and automotive repair shops which have 
the>basic maintenance responsibility for all the 
equipment assigned to the battalion. 

Mechanics' Toolroom 

THe mechanics 1 toolroom is the central point 
for issue, storage, inspection, maintenance, and 




repair of all mechanics' tools under an approved 
custody control system. The shop supervisor is 
the custodian of kits and tools needed 
continuously which are checked out by the 
mechanics on custody receipts. Other tools are 
issued on tool chits for particular job 
assignments. The toolroom personnel perform 
tool repair within their capability<and insure that 
PM and safety checks are conducted by 
battalion central toolroom personnel. 

Machine Shop ^ 

- Machinery Repairmen (MR) are assigned to 
operate tHe 'machine shop trailer which contains 
lathes, drill presses, grinders, and other machine 
tools. It should be located near the repair shops 
to make it convenient for the crew of both shops 
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* to work together on j oint proj ects. The MR's are 
capable of manufacturing or repairing 
equipment parts, tools, and machine parts. 

Chassis, Body, Fender, 
and Radiator Shop 

In most battalions,. Steelworkers (SW's) and 
Hull Technicians (HT's) form the nucleus of this 
shop. Their "work includes repairing or 
rebuilding chassis components, fenders, and 
other body parts, repairing, rebuilding, and 
testing radiators; bulldozer blades, and other 
Steel components; and welding and brazing. 

Electrical Shop 

Manned by Construction Mechanics, the 
electrical shop repairs, rebuilds, cleans, adjusts, 
.and tests all automotive electrical mparts and 
accessories, such as generators, starters, and 
voltage regulators. In many battalions, 
Construction Electricians (CE*s) are assigned to 
conduct load test and make electrical repairs to 
lightplants, generators, and welders. 

Battery* Shop 

Men assigned to the battery shop maintain 
and recharge wet cell batteries, mix electrolyte, 
and keep a supply of fully charged, spare 
" batteries for equipment used by the battalion. 

The battery shop should be well separated 
from any open flames. It must be well ventilated 
to prevent accumulation of explosive hydrogen 
gas fumes given off during battery charging. 
Adequate safety equipment located within the 
battery shop includes rubber aprons and gloves, 
face shields, eye wash, and treadle shower. 
Electrical light fixtures and plug-in connections 
should be of explosive-proof design. 

Tire Shop 

The Construction Mechanics assigned to the 
tire shop repair and replace the pneumatic tires 
-* in the battalion. 

Normally, the tire shop is located in an area 
accessible to all types of equipment, utilizing 
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rubber tires which require removal, repair, or 
replacement from time to time. This shop should 
be equipped with tire-mounting sets, tools, air 
compressors, and other support equipment 
necessary to complete tire repairs in a reasonable 
time so that the equipment can be returned to 
the jobsite with little or no lost time. 

Lube Shop 

i 

The mechanics assigned to the lubrication 
racks"maintain adequate Stocks of all lubricants 
required by the battalion, and lubricate 
automotive and construction equipment as 
* required under the Preventive Maintenance 
Prograpi. 

• • l . 
Although you will have skid-mounted 
lubricators and lubricating teams for servicing 
equipment in the field, most of your scheduled 
PM's will be accomplished in the maintenance 
shop area. Outdoor locations for lubrication 
stalls are satisfactory in temperate climates and. 
during favorable weather, but efficiency is 
increased by providing suitable shelter. PM 
racks should indude provisions for storage of 
greases and oils, preferably at a distance from 
your other shop areas, as a gjecaution against 
fire. In addition to facilitating lubrication 
services, these racks should provide for easier 
inspection and cleaning of under parts and 
surfaces of equipment. 

There is sometimes a tendency to overlook 
another important type of servicing— operator 
servicing. Anything that affects your specific 
area of responsibility automatically becomes a 
collateral duty. You, as a supervisor, should 
tactfully initiate action to prevent this collateral 
area from hindering you in the accomplishment 
of your principal duties. It may be necessary to 
institute operator servicing classes, or, in some 
cases, operator training classes on troublesome 
pieces of equipment. Remember, tact is the key* 
when you leave ^your specific area of 
responsibility to get a job done. 

COST CONTROL SUPERVISORS 

CMPs might be assigned as cost control 
supervisors to work directly for the maintenance 
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supervisor. The duties include monitoring the 
PM clerk, cost control clerk, and the direct turn 
over (DTO) clerk. When necessary, they keep 
the vehicle status boards current, review and 
purify history jackets, and act as liaison to 
detachrtients. The cost control supervisors may 
also be responsible for updating the equipment 
computer program for vehicle maintenance. 

PM Clerk 

The PM clerk is responsible for completing 
the basic information on the ERO, maintaining 



the ERO log (fig. 4-6), and PM Record Cards 
(figs. 4-7 and 4-8). The yearly PM Schedule (fig. 
4-9) and Equipment Repair Order Worksheet 
(fig. 4-10) are also prepared by the PM clerk. 
Notifying the dispatcher in advance of 
equipment due for PM and keeping status m 
boards current as to the units in-shop are also 
tasks usually assigned to the PM clerk. 

Cost Control Clerk 

The cost control in a battalion consists 
basically of accurate reporting of all repair costs, 
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Figure 4-6.— Equipment Repair Order Log Sheet. 
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Figure 4-7.-PM Record Card, NAVFAC 11240/6. 



tiitie, 



downtime, and other data that relates to NCF 
automotive, construction, weight-handling, and 
material-handling equipment. The individual 
assigned this task must be thoroughly familiar 
with NAVFAC P-404, COMCBPAC/COMCB- 
LANT 1120O, and local procedures. The cost 
control clerk insures that all charges are 
accurately recorded on the £RO worksheet and 
checks the back of the ERO for completeness. 
Additionally, this individual maintains the file 
of parts received for each USN (fig. 4-11). 

DTO Clerk 

\ 

The person assigned as DTO clerk will 
maintain the DTO log (fig. 4-12) for all parts 
placed on order. This task includes receiving 
direct turn over parts, storing them by USN in 
PM groups, and notifying the cost control clerk 
of parts received. Liaison with repair parts issue, 
supply office, and receiving are factors to be 



considered when assigning this individual. 
Attendance in repair parts procedure school 
should t}e considered. 

TECHNICAL LIBRARIAN 

The mechanic assigned as technical librarian 
is accountable to the maintenance supervisor for 
the inventory and control of the prepackaged 
library. 

REPAIR PARTS 

Normally, a<mechanic is assigned to supply 
to aid in identifying parts and to work the issue 
counter. This individual serves as an interface 
between supply and the maintenance supervisor. 
This individual should have attended repair 
parts procedure training. 




4-11 



CONSTRUCTION MECHANIC 1 & C 



Type 

PM 



CUMUIATIVI I M 1 1 F S (0« HR$ ) TMJLtSi (ORMR$} 
| MKfAGS. OU VNC£ I ftfPO«T k c fO« 

) MP', OPN LAS* ! 6 MO ffPlOt 

H ' 1 



| CUMUl AT I Vfc Ml t f S (OR HR$) Ml If S (OK HPS) 

MllfAGf OK I SiV€ N*PO«TK; fOft 

I H«i OPN t IA,1 PM I f MO PfKlOO 



A1A00O 



FA I RLE AD 



■■I- - 



4- 



4- 



AOA00O 
AO350O 



AO250O 



f 



A1150O 



.\() )0()O 
A2350C 



; BOOM TIP | 
, BOOM I IB' 

L - - - f . 

' boom BirnJ 

; CRANE HOUR 

; BOOM EXT 

H — r-- 

; tauini. : 



•f r 



^ir^A'^Bt 
jjg cj/- pop? 

Gtt'Be-ooitr 



Figure 4-8.— PM Record Card, NAVFAC 11240/6 (back). 
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BATTALION MAINTENANCE 
PROGRAM 

The purpose of ^^maintenance program of 
a battalion is to keep its automotive and heavy 
equipment operating and to prevent minor 
mechanical problems from becoming major 
ones. The Civil Engineer Support Equipment 
(CESE) maintenance system of thcNCf consists 
of two level§ of maintenance — organisational 
and intermediate. 

ORGANIZATIONAL MAINTENANCE 

The first, or organizational, level o.f 
maintenance is divided into two categories — 
operator maintenance and preventive mainte- 
nance (PM). Operator maintenance is that which 
every operator is required io perform to 
maintain the equipment in a ulean, safe, and 
serviceable condition. It includes the daily 
inspections, lubrications, and adjustments 



necessary to insure early detection of 
malfunctions'of equipment. Figures 4-1 and 4-2 
show the preventive maintenance forms which 
the operator can use as guides for a daily prestart 
inspection, and as a trouble report in case of any 
defect or unsafe conditions which need be 
reported to the dispatcher immediately. 
Preventive maintenance goes beyond the 
inspections, lubrications, and adjustments in 
operator maintenance. The prime objective of 
PM is insuring availability ^ and minimizing 
unnecessary repair costs. Operators should 
.participate in PM unless specifically directed 
otherwise. 

INTERMEDIATE MAINTENANCE 

The maintenance shop whether mobile, 
semimobile, permanent, or semipermanent has 
the responsibility of the intermediate level of 
maintenance. A higher degree of skill is required 
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Figure 4-9.— PM Schedule. fc 
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Figure 4-10.— Equipment Repair Order Worksheet, NAVFAC 11200-41B. 



to accomplish this type of maintenance since it 
includes removal, replacement, repair, 
alteration, calibration, modification, rebuild, 
and overhaul of individual assemblies, 
subassemblies, and components. 

SCHEDULING MAINTENANCE 

The standard interval between PM service 
inspections for NCF equipment is 40-working 
days, 2,000 miles, or 120 hours, whichever 
occurs first. This interval is established initially 
by grouping all assigned equipment into 40 
separate PM groups. The equipment is 



distributed evenly among the PM groups so that 
the minimum number of similar ittfms are out of 
service at any one time. \ 

It is the responsibility of the maii\tenance 
supervisor to determine whether the PM interval 
for any item of equipment should be reduced. 
The maintenance supervisor can shorten the 
interval by assigning specific items of equipment 
to more than one group or reducing the total 
number of groups. The maintenance supervisor 
cannot, however, extend the standard interval 
between PM service inspections. To establish a 
deployment schedule of PM due dates, the 
maintenance supervisor records tlje workdays of 
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°QATE 


DERT. 
" NO. 


PRI. 


REQ. NO. 


NOMENCLATURE 


FOLLOW-UP 


REC'D 


79018 


0009 


B 


2021-2211. 


GASKET SET 


1/31 


.2/28 


79189 


0161 


A 


2230-2713 


INJECTOR 


8/28 9/15 10/2 


10/11 


79346 


0218 


C 




RAINCAP 





CODE 485001 USN 48-00123 



CODE 

USN 

DATE 

DEPT. NO.* 
PRI 

REJQ. NO. 

NOMENCLATURE 

FOLLOW-UP 
\ 

REC'D . 



- Self-explanatory. 

- Self-explanatory. 1 

- When the 1250 was submitted to Supply for ordering. 

- Four digit number in x numerical sequence starting with number 
0001 for each 1250 you submitted to Supply. 

- See COMCBPAC or COMCBLANT 4614.1 Series Instruction. 

- Supply's voucher number found in Block G of the 1250. 
Enter after red 1260 is returned from Supply. 

- Self-explanatory. ' « 

- When did you request status from Supply. 

- Self-explanatory. * 
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Figure 4-11.— Repair Parts Summary Sheet. 



Dept. 
■ No. 


Jul i.an 
•Date 


PMG. 


USN 


NSN \ 

< 


Desc^ 


Qty 


PRI 


Req.NQ. 


'Rec'd 


0001 
0002, 

ooef- 


4003" 
4003, 
4010 


01 
.01 
06 


48-00123 
48-00123 
96-11031 


2815-739-*6098 
2815-962-5622 
2810-950-8385 


VALVE 

SPRING, 

INJECTOR 


1 
1 
6 


C 

C 
•8 


4010-2111 
4010-2112 





figure 4-12.— Direct Turn OveMDTO) Log, 
» 

/ i 
the month consecutively beside the PM gspup 



numbers. jSee thfe sampte schedule (fig. 4-9). 

A Preventive Maintenance Record Card (fig. 
4-7) is maintained for each item of .assigned 
equipment to help the' PM, clerk prepare the 
ERO. The following information is taken from 

. • •••»•• • ■ 



the completed ERO and entered on a record 
card: . ^ 

Type of PM Service performed. 

Date performed. 
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. Cumulative mileage/hours. 

Whether oil of filter was changed (shown 
by the abbreviation O/C or F/C). 

PM Record Cards arc maintained by PM 
group in a tickler file which the maintenance 
supervisor reviews at least once a month. When 
a vehicle is transferred, its PM Record Cards arc 
placed in the equipment history jacket. 

The Preventive Maintenance Record Card 
(back) (fig. 4-8) is convenient for listing 
attachments for each USfy This will aid the 
inspector in locating the proper attachments for 
PM. 

.The types of PM inspection are defined and 
given as follows: * 

Type $ inspections 

They are gjven at intervals of 40-workjng 
days, using appropriate PM Service £nd 
Inspection Guide. They are performed on 
scheduled PM due dates. After two type A 
PNTs, the, vehicle qualifies for a type B 
inspection.^ 



Type B Inspections 



They are given at intervals of 2,000 miles, 
120 hours, or after two consecutive, type A 
inspections, using the appropriate PM Service 
and Inspection Guide. The interval between 
engine oil changes on internal combustion 
engines shall not be less than 4,000 miles, 240 
hours or 80-working days (whicfiever' occurs 
first). 

Type C Inspections 

They ai;e given as determined necessary by 
the maintenance supervisor, using the 
appropriate PM Service and Inspection Guide. 
/They may be performed to increase the life of 
\ie equipment that is not scheduled for 
replacement. r 



CAUTION: Cost and availability of repair 
parts 'as well as resources and working 
conditions must be considered along with, 
equipment commitments and conditions. 



EQUIPMENT REPAIR ORDER 
AND CONTINUATION SHEET 

The Equipment Repair Order (ERO) (figs. 
4-3 and 4-4) 3nd the continuation sheet (fig. 4-5) 
arc used in the Naval Construction Force (NCF) 
to record costs of repairs, hours required for 
repairs, and total time that equijynent is out of 
service. The data will help the NCF in budget 
planning, determining life expectancies of 
equipment, and predicting future equipment and 
training requirements. The Naval .Facilities 
Engineering Command Systems Office 
(FACSO), Port Hueneme, California, also uses 
the data to compile cost and utilization figures 
on each piece of U$N-numbered equipment. 
Therefore, the data must be complete, accurate, 
and neatly recorded in accordance with 
NAVFAC P-404 and COMCBPAC/COMCB- 
LAlNT Instruction 11200 series. 

The Equipment *Repair drder \%>rksheet 
(fig. 4-10) is used solely to list repair parts used. 
It may be used by the ^mechanic and shpp 
supervisor to insure that all supply documents 
are attached to the ERO. The* cost controj 
supervisor apd the maintenance supervisor may 
use this form to properly record part^ost.. 

The ERO is the sole authority to perform 
work on equipment regardless of whether the 
work is performed in the field or in the shop*. An 
ERO is required each time labor time exceeds 1 .0 
hour or materials are expended on scheduled 
PM, -interim repairs, modernization or alteration 
of equipment, 'or deadline cycling or- 
preservation of equipment. The ERO Log Sheet 
(fig. 4-6) is on$ means for keeping track of the 
status of the JERO's. 



JREPAIft PARTS 

NAVFAC-funded initial outfitting repair 
parts allowances Required by tho Naval 
^Construction Force (NCF) for support of its 
assigned equipment are listed in Consolidated 
SEABEE Allowance Lists (COSAL's). The 
CQgAL establishes the support for assigned 
organic and augment equipment based on ySN- 
nilmbered listings. -'COSAL's are published 
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under the authority contained in the 
NAVFAC/NAVSUP Program support 
agreement by Navy Ships Parts Control Center 
(SPCC), Mechanicsburg. COSAL's are both 
technical and supply dpcuments. They are 
technical "documents 'in that equipment 
nomenclature, operating characteristic*;, 
technical manuals, etc., are described in 
Allowance Parts l^ists. They are { supply 
documents in that they list all parts by 
manufacturer's code and part number, national 
stock number, unit of issue, and price and 
quantity authorized by NAVFAC maintenance 
policy. Repair parts allowances are designed to 
provide a 90 percent effectiveness for . 
1,800-construction hours or 90-days support. 
This 90-day pferiod is defined as a 3-month 
utilization period for vehicles or equipment in 
new or like new condition. Selection of parts 
included in the COSAL is made after 
identification; usage and insurance items are 
coded by maintenatrte capability in accordance 
with NAVFAC lead Allowance* Parts Lists. 
Maintenance codes are used to ccsoitrol the 
allowed item range for eagh of the various 
organizational maintenance capabilities. The 
definition and application of maintenance codes 
are contained in Appendix C of the COSAL 
introduction. There are two basic categories of 
repair parts; parts peculiar— NAVSUP modifier 
code 98 and parts common— NAVSUP modifier 
>code\97. These are published in two separate 
COSAL's. .Farts peculiar are applicable only to 
specifip makes or models of equipmtftit. Parts 
corrimbn are general repair-type items, 
(Appendix G of the COSAL introduction) and. 
are ijot referenced to any specific equipment/ 
Military and commercial operators' manuals, 
parts manuals, and maintenance manuals are 
listed in the parts peculiar to COSAL. A 
descriptive account showing the method of 
entry and how to use the COSAI^ is con- 
tained in Appendix F of the COSAL instruc- 
tion. 

4 

A third category of repair parts has been 
added to the Battalion'^ Allowance. The 
NAVSUP modifier 96 is a minimodifier 97 for 
use with the air detachment or, an extended 
detachment, without jeopardizing the main 
body? 

V 



SUPPLY AIDS 

To assist personnel in the repair parts 
program, the following, supply aids have teen % 
developed and are distributed with eacji 
COSAL: 

NAVSUP Form 1114 (fig. 4-13)— Printed 
stock record cards 

'Add Item Listing— Repair parts provided by 
a Naval Construction Battalion Center (NCBC) ^ 
to support new equipment not previously + 
supported. 

. Delete Item Listing— Repair parts provided 
by a previous COSAL that are no longer 
required. 

DD Form 1348-1 (fig. 4-14)-^Single Line 
Item Release/Receipt Document. 



Listing— A list ^ showing 

r _ _____ items which must be 

transferred to ohier locations due to equipment 
transfer. 



Transfer Item 
previous COSAL 



Summary Item List— A composite list of all 
items required by the old COSAL. 
* 

Stock Numtffr Changes— Two listings: 'old- 
to-new National Stock Number (NSN) and new- 
to-old (K6N) which show changes in the stock 
number lasted in the old COSAkand updated by 
the new COSAL. 

i» 

PREPACKAGED LIBRARY 

An effective equipment management 
program' needs technical data and guides for 
each item of equipment. Within the NCF, 
operator manuals, lubrication charts, parts 
manuals, and shop repair manuals are iiieluded 
in each parts-peculiar CQSAL. 

Shop manuals should be centrally located. 
Inventory control of technical manuals (TM's) 
must be maintained through periodic inventories 
and checkout procedures. Replacement manuals 
'for older equipnientare normally expensive and 
hard to obtain. Civil Engineer Support Office 
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Figure 4-13.-Stock Record Card Afloat, NAVSUP Form 1114. 
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Figure 4-14.— Single-Line Item Release/Receipt Document, DD Form 1348-1. 
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(CESO) administers the technical nfanual 
support program. Inadequate or deficient TM's 
are reported to CESO. 

The mechanic assigned to t}ie technical 
library generally does research ofparts numbers 
and prepares the requests for parts. 

PROCEDURES FOR REQUESTING 
REPAIR PARTS 

The NAVSUP Form 1250 shown in figure 
4-15 is used as authorization for drawing or 
ordering repair parts. Preparation of the 1250 
must be in accordance with NAVSUP P-485 
Section 6207 and is the responsibility of the 
appropriate -shop supervisor. Pay particular 
.attention to the source code, Blofck 18, when 
parts are obtained through other methods. 

When ordering repair parts that are in stock, 
indicate the required part by its nomenclature as 
given in the applicable maintenance manual and 
by other information required by the local 
command. After b^ing authorized by the shop 
supervisor -or higher authority, the NAVSUP 
1250 and the ERO are presented to' the 
storekeeper at the repair parts section. The 



storekeeper determines and records all 
applicable information and takes other 
appropriate action as directed by the supply 
officer. After the required part is obtained, the 
yellow copy of the 1250 is attached to the ERO. 

When ordering repair parts not in stock, 
follow the same procedure outlined above except 
t,hat, when it ia determined that the required part 
is not available immediately, the NAVSUP 1250 
(fig. 4-16) is annotated (marked) with data 
concerning like items on order but not received 
and also marked NIS (h(pt In Stock) or NC (Not 
Carried) and returned to the mechanic. The 
maintenance supervisor or higher authority 
assigns a priority an4 authorizes the part to be 
ordered. The cost/ control clerk assigns a 
department order number for each part ordered, 
starting with mimjber 0001 . Pull the yellow copy 
and forward the other copies of the- 1250 to 
supply. Supply All complete the ordering action 
and return t\)t pink copy of the 1250 with a 
requisition lumber to the cost control clerks If 
the pink cofty is not received within seven days, 
request supply to furnish you with a status of 

your order. , 

/ 

* Th£ following information is provided as a 
guid? in determining the number^ of days it 
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17.84B 



usually takes to receive repair parts, or a status 
report on the requisition for repair parts. 



REQUISITION 
PRIORITY * 



CONUSTIME" OVERSEAS 
(DAYS) \ TIME (DAYS) 



A 
B 

C 



/ 



5 
8 

20 



7 
15 
45 



To maintain an accountability and status of 
your requisitioned -repair parts, the following 
procedure is given: * \ 

1. For Parts Pending Action: The cost 
control clerk maintains one Repair Parts 
Summary Sheet (fig. 4-11) fojj each ftem of 
equipment assigned. Thir^heet/is filed by PM 
group. The cost control clerk Wer^the dat 
from the yellow^ copy of the 1250 on th< 
appropriate Repair ParV^udunary Sheet, then 
files the yellow ERO and yellow 1250 with the 
sheet. Upon ^receipt of the pink 1250, the 
regulation number is entered on the sheet and 
the pink 1250 is filed in place of the yellow 1250. 
k 2. For Deadline Parts Action: The proce- 
dure outlined above is followed, except that the 
Repair Parts Summary Sheet is filed with the 
complete ERO in the deadline file. n * 



3. Upon Receipt of Parts: On receiving an 
ordered repair part, supply will forward a copy 
of the DD Form 1348-1 (fig. 4-13) to the cost 
control clerk. The cost control clerk tags the 
repair part with the correct USN number,' PM 
group; and the pink 1250 copy, insuring that the 
DTO Log and Summary Sheet show the dtfte the 
part was received. The part is then stored in the 
DTO bin, and the 1348-1 is filed'with the 
appropriate Summary Sheet. Each time an ERO 
is issued, the cost C&itrol clerk checks the Repair 
Parts Summary Sheets to" determine whether 
p^rts are stored in the DTO bin for the 
equipment concerned. If they are stored, the 
shop supervisor is alerted by attaching- the 
1348-1 rta the fcRO. The shop supervisqr will 
insure that the parts are either used or returned 
to the unit supply. If the received part is for a 
deadlincd piece of equipment, the maintenance 
supervisor is notified to determine if enough 
parts are available to resort work on the' 
equipment. g 

BATTALION EQUIPMENT 
EVALUATION PROGRAM 

The reliability of equipment is one of the 
main factors in the ability of an NMCR to 
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perform its assigned mission. The Battalion 
Equipment Evaluation Program is a vital link in 
maintaining the degree of 'equipment readiness 
required of a battalion. Before you take a look 
at this program from the maintenance 
viewpoint^ou should familiarize yourself with 
current COMCBPAC/COMCBL ANT 
Instructions, 1 1200 series. These instructions are 
established as uniform procedures which occur 
during a battalion's onsite relief and equipment 
turnover. 

RESPONSIBILITIES OF THE 
RELIEVING BATTALION 

, Prior to arriving on the site, the incoming 
battalion is resporfsible for the following?"* 

1. Notify COMCBPAC Equipment Office, 
Px>rt *ttuenertve, CA; CQMCBLANT 

! Detachment/ Gulfport, MS; and the battalion 
being relieved of the commencement date of the 
BEEP, at least 30 days prior to commencement 
date. 

2. Insure that personnel required for the 
BEEP are assigned to the advai^e party: — 

3. ^Insure that required documents and 
supplies accompany the advance party. 

* RESPONSIBILITIES OF THE 
BATTALION BEING RELIEVED 

Prior to, and during the BEEP, the battalion 
being retfeved is responsible for the following: 

v l. Coordinate the 'BEEP commencement 
\late with the incoming battalion.' 

2. Assign counterparts to personnel arriving 
with the incoming battalion, and insure that 
these personnel remain onsite .until completion 
of the BEEP: 

3. Make available all necessary tools and 
shop* equipment with which to evaluate and 
repair the equipment. 

4. Clean and make available all equipment 
for evaluation and repair. 



5. Coordinate the scheduling of equipment 
for inspection with the incoming battalion. 

NOTE: The recommended procedure is to 
schedule the equipment by PM group, uskfg the 
appropriate number of PM groups to enable the 
BEEP to be completed within 10-working days* 

4 

6. Insure that an ERQ is prepared for each 
it^rff of.equipment with a copy of the Equipment 
Evaluation Inspection Guide (figs. 4-17 and 
4-18), along with a copy of. the Attachment 
Evaluation Inspection Guide (fig. 4-19), when 
appropriate. 

* * 
JOINT RESPONSIBILITIES 



The following tasks are accomplished jointly 

by the battalions during the BEEP. 
. ~> ^ 
*■ 

1. An'inspection of all maintenance records, 
noting accuracy and deficiencies and updating as 
required. # ^ 

2. A review and accountability of all 
maintenance correspondence which is pending 
final action. 

3. An inventory and inspection of all 
permanent ALFA Company shop equipment, 
noting condition and deficiencies. Submit a list 
to the COMCBLANT or Commander, 31st 
Naval ^Construction Regiment (NCR) 
representative, noting the condition and 
deficiencies. 

4. A preventive maintenance inspection of 
each ~nonpreserved item, of USN-numbered 
equipment assigned, using the "Equipttienf 
Evaluation Inspection Guide. Accomplish all 
repairs possible, dependent updd the . work 
force, space, and repair parts available as 
detern^jned jointly by both maintenance 
supervisors. - * 

NOTE: Intervaf between engine oil.changes 
on internal combustion engines shall not be less 
than 4,000 miles, 24^ hours or 80-working days 
(whichever occurs first). , 
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Figure 4^17.— Equipment Evaluation Inspection Guide. 
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noois 



DHt'MS 



SHOE MOI M 



ADJUST MKCH 



^ I IM)LRS 



SEALS 



IU( KING IMA II 



REMARKS 



RRAKE UMNO 



BEARING ASSEMBLYS 



KrAft V\IH I- I> 



HOOI.S 



DRUMS 



MI OF MOl NT 



AfiJL'S I^MECH 



CYLINDERS 



SEALS 



HACKING PLATE 



REMARKS 



SlloP'M l>l n\ ISUR 



MAKI MINOR RhPAIKS OR 1)1 H i' u{ 1 :> timO-if**^ 



I UNA I INS PLC I U)\ (InituN 



OiKJlAII CONDI MO.\, 



h - lV*I>-RE<"OM>niON 



I - FXCM I I NJ 



GOOD 



o - ishiMS/VRLK urnion . 

RK PAIRS 



•J -'I \IK 



R - rSKIVKK PAIRS RE^t'IRKI) 



I - POOR 



X - NO FritTflEILVAM'H POR t'Sfc AS ORK.INAI !\ I\IL\I)EI> 
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SWCH (SKJNATCRK) 
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% Figut£Vf*18. — Equipment Evaluation Inspection Guide— Continued. 
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DATE 



I. D, NUMBER 



DESCRIPTION 



LOCATION 



ASSIGNED TO CODE 



USN NO. 



MOU NT ED/ UN MOUNT E D 



NAVFAC 6-11200/ 15 



INSPECTORS 



INITIALS 



N MC B ' 



FRAME 



MOUNTINGS 



PRESTART 
INSPECTION 



CONTROLS 



INITIALS 



N MC B 



MOUNTING HARDWARE 



CABLES/SHEAVES 



MOSES 



REMARKS 



BUSHINGS/BEARINGS 



HYD SYSTE.V CUTTING EDGE/TEETH 



INSPECTORS 


INITIALS 


N MC B 


INITIALS ^V- NMCB 


OPERATIONAL . , 
INSPECTION 


PARTIAL LOAD 


FULL LOAD 


REMARKS 


OPERATIONS 
-SUPERVISORS 


INITIALS * 


NMCB 


RECOMMENDED 
CONDITION CODE ' 


INITIAJLS * 


NMCB 


RECOMMENDED 
CONDITION CODE 



REMARKS 



SHOP SUPERVISOR 



MAKE MINOR REPAIRS /ORDER PARTS (Initials) 
FINA L. INSPECTION (Initials) * 1 ~ 



OVERA LiytONDITION 



N - NEW 



E - USED-RECONDITION 



O - USED-USABLE WITHOUT REPAIRS 



R - USED-REPAIRS REQUIRED 



I - EXCELLENT 



2 - GOOD 



:i -M'AIH 



4 - POOH 



X; NO FURTHER VALUE FOR USE AS ORIGINALLY INTENDED 



AUOV E CONDITI^f AGREED TO BY MAINTENANCE SU PER VUSOKS FROM IHJ'J \\ BATTALIONS 



NMCB (SIGNATURE) 



NMCB (SIGNATURE) 



figure 4- 



19.— Attachment Evaluation Inspection'Guide. 



2.474 



EMC 



• 1 
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5. A preventive maintenance inspection of all 
equipment attachments, using an Attachment 

^Evaluation Inspection Guide. Accomplish all 
repairs possible, dependent upon the work 
■force, space, artd repair parts available as 
determined jointly by both maintenance 
supervisors. 

6. A visual inspection of each'preserved item 
of assigned USN-numbered equipment, using an 
Equipment Evaluation Inspection Guide. The 
equipment is not depreserved for testing unless 

• visual inspection shows major discrepancies. 

The Equipment Condition Codes as defined 
below are used in completing the parts of figures 
4-18 >and 4-19 that describe the overall condition 
of the equipment 6eing^ BEEPed. 

ALPHABETICAL CODING 

£J— New, unused. 

E— Used, but reconditioned (overhauled); 
not used since overhaul. 

0— Used; fully operational, without repairs. 

R— Dead lined r Repairs required before this 

item can perform its intended mission. 

♦ 

X— No further value for use as originally * 
intended. 

NUMERICAL CODING 

1— Excellent Condition. (Repairs would ccfet 
no more than 10 percent of replacement 
cost to upgrade to 0-1.) ■ 

2— Good Condition. Does not qualify for 
excellent; slightly shop worn, but with 
considerable use left before any 
important repairs • would be required. 
(Repairs would cost from 11 percent to 
25 percent to upgrade to 0-1.) 

3— Fair Condition. Worn, rusted, or 
- deteriorated to the ektent where some 

parts or portions shpuld be replaced. 
(Repairs wou^d cost from 26, percent to 
40 percent to upgrade to 0-1.), 



4_Poor Condition. Badly worn, rusted, 
deteriorated, and would still be in 
doubtful state of dependability and 
uneconomical in use, if repaired at 
location. (Repairs would cost from 
41 percent to 65 percent of replacement 
cost to upgrade to 0-1.) 

NOTE: Repair costs by percentage of 
replacement as set forth in numerical coding will 
pertain to deadlined equipment only v 

REPAIR PARTS (BEEP) 

The repair parts portion of the BEEP will be 
accomplished in accordance with 
COMCBPAC/COMCBLANT Instruction 
4040.1 series. 



EMBARKATION 

As indicated in Mobile Construction 
. Battalions, mobility is a major portion of the 
unit's tasking. The battalion maintains a staff 
that preplans for given situations. They work 
with the air detachment, air echelon, and sea 
echelon scheduling for ships ' or planes. The 
embarkation staff determines and adjusts load 
requirements to-fit the type of units doing thfe 
transporting. As a CM 1 or CMC, your tasking 
~ "Will be to communicate with the embark staff 
through your chain of command. This 
communication will include changes in types of 
equipment available, deadlined units designated 
as air detachment or air echelon, and parts 
requirements changes. 

SCHEDULING 

Scheduling of equipment through the shop 
during embarkation will depend ofi which 
equipment is to be embarkedl number of 
mechanics available, and time * allowed. All 
equipment must be thoroughly cleaned aiffi time' 
must be* allotted for this operation. Air 
detachment equipment will receive top priority. 
As a shop supervisor, your input and. knowledge 
of the mechanic's capabilities will be vitally 
important. 

\ 
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INSPECTING 



Equipment to be erfibarked should have 
minor repairs accomplished prior to 
embarkation. These units must be capable of 
operating fpr sometime without breakdown. 
Deadlined units on -the sea echelon may be 
repaired underway. Equipment to be 
transported aboard aircraft will be delayed if 
fuel, oil, and water leaks are not detected during 
your inspection and corrected while in the shop. 

PREPARING 

Coordinated preplanned efforts between the 
mechanics, \vash rack personnel, collateral 
equipment, and Equipment Operators are 
essential for a successful embark. All collateral 
equipment must accompany the unit for which it 
was intended; spare tires must -be mounted. ' 
- Depending on the method of transporting, 
dump truck headache boards need to be 
removed and secured in the bed, tops removed, 
windshields down and taped, and exhaust stacks 
loosened. Front-end loaders often require that ' 
the buckets and counterweights be removed. 
Detailed data for each unit will be coordinated 
between the embark staff and the transpprting 
unit. s 

' " J " • ' 

STAGING v 

After the equipment has completed the shop 
requirements, it might have the requirement to 
be loaded with designated equipment. All air- 
transported units rruist be weighed and the 
center of balance marked in tfie configuration in 
which it is to be loaded. After tljta has been 
accomplished, it may be staged for convoy or 
movement in a place that is not conges^ and 
does not interfere with continued progress of # 
equipme»t in process.. 

TRANSPORTING 

Often a convoy movement is required to 
reach the transporting unit. This operation may 
be used to arrange equipment in load-number - 
order if it wa4 hot done during the staging phase. 
Loading and tiedown are normally tinder the 
directions of the aircraft loadmaster or the ship's^ 
boatswain. „ ^ 



CONSTRUCTION SCHEDULE X 
DRAWINGS 

In construction, schedules play a'large part 
in keeping * production flowing smoothly. 
Before, during, and after construction,' the 
schedule serves as a guide for all managerial and 
supervisory personnel. Without a schedule, 
coordination anaVteamwork would be difficult 
to achieve. As yotj advance to CM1 or CMC, 
your knowledge of management tools increases, 
regarding manpower and equipment utilization. 
The methods discussed in this section include the 
arrow diagram, the critical path, the network 
analysis, and the precedence diagram. 

ARROW DIAGRAM 

The arrotf diagram is drawn in graphic fopiff' 
to identify work, service, or task items (referred 
to as ACTIVITIES). Arrow diagrams also 
reflect ho<v each activity depends upon others 
during the work sequence. 

In arrow diagrams, both circles and arrows 
are used to describe the work sequence (fig. 
4-20). A circle represents an EVENT or starting 
point of* the ACTIVITY, represented by an 
arrow. An event occurs only when all the 
activities preceding it (which frieans all the 
arrows leading to the circle) ha\e been 
completed. In figure 4-21, event 4, which starts 
activity F, cannot occununtil both C and D are 
completed. Broken arrows in an arrow diagram 
represent a constraint or unknown -element and 
are called DUMMIES. Arrow diagraming makes 
up about 80 percent of the planning phase. By 
adding the time elements (fig. 4-22), the critical 
path can be determined. 

^» 

.CRITICAL PATH 

The critical path .(fig. '4-23) consists of a < 
sequence. 1 of time dependent, directly following 
activities and is defined as the longest path 4 in 
terms of time through the project. Each activity 
within the, critical^ path must be completed on 
time to finish a project withiir the scheduled time 
frame. 
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SYMBOLS 



. o 



DEFINITIONS 

EVENT j A progress step A state of or conditions of progress Qoes not 
consijme t<me 

ACTIVIt| A separately described assignable task A d»stmct portion oi 
. the panned work A work package any time predictable element Stated 
m terms of the time needed 



DUMMY A performance constraint A dependence illustrator may 
represent an unpredictable time element such as weather review 
approval delivery etc Jt is also a network logic sustamer differentiator 



-rV- 



ELAPSED TIME The best time estimate Obtained from the most 
Knowledgeable person currently responsible lor actOal performance of 
the activity Not . obtained from actual historical data (Past errors are 
not intended to be repealed ) 

CRITICAL ACTIVITY Each acjivity on the Critical' Path (longest path) in 
terms of time from the project start event to the proiect completion 
event * 



Figure 4-20.— Symbols and definitions of arrow diagraming. 



EVENT 




117.308 



Figure 4-21.— Activities and events. 

1 





Figure 4-22.r-Time elements addeSd to activities and events. 



Figure 4-23. -Critical path indicated for activities and 
events. 



NETWORK ANALYSIS 

The object of network analysis is to combine 
all the information relevant to the planning and 
scheduling of, project functions into a single 
master plan— a plan that coordinates (efforts, 
shows interrelationships, shows Which efforts 
are critical, and promotes efficient use of 
equipment and^manpower. N ♦ v 

Because everything that happens in a 
network , analysis is activity dependent (fig- 
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0 



NETWORK 



--O 



INTERPRETATION 



Job B cannot start until job A is completed 

V 





E cannot start until both C and 0 are completed 



F must be completed before either G or H can start 



Figure 4-24.— Elements of network diagraming. 



4-^4), the arrow diagraih must be a meaningful 
description of the project. If not, less than 
satisfactory results-will be obtained from the 
network analysis. In (almost every case of 
difficulty or dissatisfaction, with network 
analysis, the cause can be traced to a faulty or 
• unrealistic arrow diagram. Since everything in 
an arrow diagram is significant, the baste 
principles must be understood and applied 
completely. 

After a project has been planned oaan arrow 
diagr^Alv the next phase is to schedule the 
project— that is, place it on a working timetable. 

The development of a schedule is governed 
by four principles which remain fixed even 
though the type of schedule is changed. 

Scheduled operations cannot exceed the 
CAP ABILITY, to accomplish the work For 
example, if only five bulldozers are available, 
the maximum possible which can be scheduled at 
any given time is, five. 

Scheduled operation must follow the 
SEQUENCE of work required for the particular 
job. For instance, the finished surface of a road 
cannot be applied before* the base course, is 



.1 



constructed, nor can a roof be put on a building 
before the foundation and walls are up. ' 

These two principles may appear so obvious 
as to merit little attention, yet the most common 
errors in scheduling involve) violations of both. 
If a schedule i& made whicfj does NOT violate 
either of these principles, it will be a workable 
schedule, bi}t it will'NOT necessarily be a good 
schedule. Two other principles must be observed 
to develop a good schedule. 

CRITICAL items must be scheduled as soon 
as possible. Maximum sfceed of completion of a 
project is most frequently the aim in advanced 
base construction. This is usually achieved by 
scheduling those items whifch take the longest 
time, or upon which many other operations are 
based to begin as elrly as possible. 

SCHEDULINCrmust insure continuity of 
work effort. Maximum efficiency in 
accomplishing a particular work item is best 
achieved Jf the time for-accomplishing that item 
> is as continuous as possible. For example, a 
grader on a road job should not be required to 
change, during short periods, from fine grading 
to sloping ditches or to some other type of work. 
This reduces production and requires more 
supervisory personnel. These last two principles 
are often in opposition to one another and a 
balance must be mSZt^between them to obtain 
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J 



(6) 
•t e 



.0 



ELAPSED TIME The best time estimate Obtained Uom the most 
knowledgeable person currently responsible for actual performance of 
the activity Not obtained from actual historical data (Past errors are 
not intended to be repeated ) * 



EARLIEST EXPECTED EVENT TIME 'The Sum of e'apsed lime estimates 
representing the longest path forward on terms of time) f'om the proiect 
start event to any other particular event 



LATEST ALLOWABLE EVENT TIME The smallest difference (remainder) 
when the sum of the eiapsed^time estimates representing the longest 
path (backward) has been subtracted from the earhest ^expected 
completion event time of any particular event 



Figure 4-25.— Symbols and definitions of network diagraming. 




^ "MS 



J*<5* 



ft ^rVG6 





ACTIVITY 



(tt> 

ELAPSED TIME ESTIMATE 
(DURATION) 




PREDECESSOR EVENT 
(star: nod«) 



SUCCESSOR EVENT 
{finish nod*) 



Figure 4-26.— Network symbols in perspective. 




Figure 4-27.— Example of a network diagram. 



the best schedule. The steps taken in this phase 
determine whether or not network analysis will 
be used successfully. 

Network analysis differs from arrow 
diagraming in that additional symbols (fig. 4-25) 

'are utilized to accumulate progressive days. 
Events are referred to as the 44 i M nertfe (start) and 
the "j" node (end) (fig. 4-26). Using the same 
project as in arrow diagraming (fig. 4-21) and 
adding the network symbols (fig. 4-27), it can be 

•determined that this project will be complete in 
fourteen units of time. Slack (flexibility) may be 
total slack, free slack, or ^shared slack. The 
following formtifas using the symbols in ffgures 
4-25 and 4-26 are used to determine the slack. 

*T L - T £ - 1, = Total slack 
T £ - Tjr - 1, = Free slack 
Total slack - Free slack = Shated slack 
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PRECEDENCE DIAGRAM 

* 

While arrow diagraming is most often used 
in the NCF, precedence diagraming does not 
require dummy activities and is adaptable to 
computer, programming. Activities in 
precedence diagrams are represented by a 
rectangular bo* (fig. 4^28) and are identified by 
the activity ninhbejvThe left side of the box (fig. 

/ ' 



4-29) represents the start, and the H^ht side 
represents completion. Lines linking the box6s 
ate called "connectors." 

The rule governing the drawing of a network 
is that the start of an activity must be linked to 
the ends of all completed activities before the 
start may take place. Activities taking place at 
the same time are not linked in any way. In 
figure 4-30, both activity 2 and actiyity 3 start as 



EXCAVATE 


FOKM 




. % 


FOOTINGS 


FOOTINGS 


1 




^2 








EX CAVA T E 
FOOT INOS 




f 










FORM 

FOOTI NOS 




ARROW 


oiaQramuinq 














PRECEDENCE 01 AG RAMMING 



Figure 4-2S.— Comparison representation of arrow and precedence diagrams. 



/>Ev£N T 



CONNECTOR 
\ 



ACTIVITY 
NUMBER 



finish ^ 



^^ACTIVITY 



Figure 4-29.— Precedence diagram. 
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LATE 
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Figure 4-30.— Information for a precedence activity. 



ERLC 



4-30 



r, 7 



Chapter 4— BATTALION EQUIPMENT COMPANY SHOPS SUPERVISOR 



7 
7 



6 


7 


7 






14 


7 






14 











' D • 



START 



FINISH 



5' 



B 



o 

4 



7 


4 


4 

10 




14 • 

4 



Figure 4-31.— Example of • preccdtace drawing hyovt 



soon as activity 1 is complete. Activity 4 requires 
the? completion ot both activities 2 and 3 before 
it can start. 

Precedence networks are easily drawn by 
placing all activities on small cards and 
manipulating them into 4 a logical manner. 
Connectors which are drawn to each of the 
activities show the relationship between the 
activities. 



The information provided in figure 4-29 is 
the same basic data used in network analysis of 
the arrow diagrams. Figure 4-31 is the same 
project usefl in arrow diagram figure 4-21 and is 
completed in 14 days. 

While most mechanics do not work from 
arrow diagrams, critical paths, ynetw or k analysis, 
or precedence diagrams daily, by applying the 
terms to a related task, they do in fact work with 
similar plans. 



EVENT- 
ACTIVITY- N 

CRITICAL ACTIVITY- 
ELAPSED Time — 



progress step: example, head removed 

time to accomplish a repair procedure within the total job: 
example, remove head 

time to repair it&h: example, grind valves 

time estimate of activity: example, remove head, one hour 
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° EARLIEST EXPECTED 




EVENT TIME- 


time estimate considering ho delay: example, flat rate time 


LATEST ALLOWABLE 




EVENT TIME— 


latest time considering delays: example, head returned from 




machine shop 



For a detailed study of * arrow diagraming, refer to the SEABEE Planner's and Estimator's 
network' analysis and precedence diagraming, Handbook, NAVFAC P-405. * 
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CHAPTER 5 



ENGINE OVERHAUL 



The engine of any piece of equipment is 
taken for granted as long as it runs smbothly and 
efficiently. But all engines lose power sooner or 
later from normal wear. When this happens, the 
mechanic must be able to determine the cause 
and know what is needed to correct the trouble. 

Generally speaking, it is NOT the supervi- 
sor's job to perform engine repairs but, it IS the* 
supervisor's job to see that these repairs are per- 
formed correctly and to assist and instruct those 
doing the work. 

Since the SEABEES use many models of in- 
ternal combustion engines, it is impossible to 
specify the detailed overhaul procedures for all 
the engines. However, here are several basic 
principles which apply to all engine overhauls: 

1. Consult the detailed repair procedures 
given in manufacturers' instruction and 
maintenance manuals. Study the appropriate 
manuals and pamphlets before attempting any 
repair work. Pay particular attention to 
tolerances, limits, and adjustments. 

2. Observe the highest degree of cleanliness 
in handling engine parts during overhaul. 

* 3. Before starting repair work, be sure all re- 
quired tools and replacements for known defec- 
tive parts are available. 

4. Keep detailed records of repairs, such as 
the measurements of parts, hours of use, and 
new parts installed. An analysis of these records 
will indicate the hours of operation that may be 
expected from the various engine parts, and help 
in determining when a part should be renewed to 
avoid ^ failure. 



Since maintenance cards, manufacturers' 
technical manuals, and various instructions con- 
tain repair procedures in detail, this chapter.will 
be limited to general information on some oi the 
troubles encountered during overhaul, their 
causes, and methods. of repair. 



HORSEPOWER AND HORSEPOWER 
RATINGS 

Horsepower is a unit for measuring work per 
unit of time. One horsepower is equivalent to 
33,000 foot-pounds of work per minute. 
Horsepower is determined by either measuring 
mechanically or computing mathematically. 

Maintenance manuals should be consulted 
for engine performance data and specifications. 
These manuals will also have additional 
horsepower designations and the many different 
hoisepower ratings used by manufacturers in 
describing the equipment. The method used in 
measuring power and the purpose fqr which it is 
intended account for the variety of horsepower 
and horsepower ratings. 



INDICATED HORSEPOWER 




INDICATED I^ORSEPOWER is the 
theoretical power that an engine would deliver if 

I all frictional losses were eliminated. It is used 
mainly by experimental engineers in designing 

<new and more efficient engines. Indicated 
horsepower may be computed from the follow- 
ing formula: 



Indicated HP = 



PLANK 
33,000 
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Where 



P = Mean effective pressure in pounds per 
square inch (This is the average pressure on the 
piston during the power stroke iqinus the 
average pressure during the other three 



For example, take Caterpillar D-342, a 
6-cylinder engine, whose bore is 5.75 inches and 
stroke is 8 inches. 



ENGLISH 



METRIC 



strokes.) 


Bore 


5.75 in 


14.6 cm 


L = Length of stroke in feet « 


Radius 


2.875 in 


7.3 cm 


A = ArM of nfcton h^nH in Qmiarp inr»hpc 

rvi wa vi jyiaiv/u ii w<*u i*» 04UCUV llicilvo 


Area of 


25.97 in 2 


167.5 cm 2 




„ Piston 






N = Working strokes per minute 










Stroke 


8 in 


20.3 cm 


K = Number of cylinders in the engine 










Displacement 


207.7,6 in 3 


3400.9 cm 3 


33,000 = The equivalent of one horsepower 


Per Cylinder 






in foot-pounds per minute 




i 






'Cylinders 


6 


t 6 


Of all the factors given in this formula, only 






cylinder pressure (P) and engine rpm (N) can be 


Total Engine 


1246.5 in 3 


20405.1 cm 


changed during the normal operation of the 


Displacement 






engine. The remaining factors are constant. 










Rated Engine 


1246 in 3 


20.4 L 



.CONVERSION TO METRIC 



Converting engine displacement from the old 
(English) system to the new (metric) system 
means ■ converting frqm cubic inches to 
liters. 

The formula for engine displacement is A 
(area of a piston) times L (the length of stroke) 
times N (the number of cylinders). Find A by 
squaring the radius of the piston and multiplying 
by r (3.14); 

To convert inches to centimeters, use a 
conversion /actor of 2.54. Square inches may be 
converted to square centimeters (cm 2 ) with the 
conversion factor of 6.45. To convert cubic 
inches to cubic centimeters, multiply by 16.39. 
When the bore and stroke are indicated in 
millimeters, simply put a decimal point one place 
to the left to obtain centimeters. After obtaining 
the total cubic centimeters within the engine, 
divide by 1000 pr move the decimal point three 
places to the left to obtain liters. 



Displacement 

By using the conversion factor of 1.014, you can 
convert indicated horsepower to approximate 
horsepower metric. To obtain approximate 
horsepower metric from known specifications, 
use the equation: 



P L K 
450 



HP metric, where 



P » mean effective pressure in kg/cm 2 

L * liters of displacement, and 

K * revolutions per minute 

With the same equation, you can find mean 
effective pressure when horsepower metric is 
known. 

P * (HP metric) X 450 + K + L 

As a second example, take the GMC 454 V8 with 
245 indicated horsepower at 3800 rpm, stroke of 
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4 inches and bore of 4.25 inches. Convert units 
as follows: 





English 
Unit 


Conversion 
'Factor 


Metric 
Unit 


Stroke 


4 in 


2.54 


10.16 on 


Area 


14.18 in 1 


• 

6.45 


91.46 cm' 


Horsepower 


245 HP 


1.014 


248.4 HP 


Displacement 


453.76 in 5 
(4X14.18X8) 


7.4 L 
(10.16X91.46X8) 



1000 

Therefore, P = 248.4 X 450 + 3800 + 7.4 = 3.98 kg/cm 2 
PLK 3.98 X 7.4 X 3800 = ^ 4 



Likewise, - ^ - 

' 450 450 

BRAKE HORSEPOWER J> 



Z4 HP metric 



BRAKE HORSEPOWER, is the actual 
amount of power that an engine can deliver at a 



certain speed with a wide-open throttle. The 
* term, brake horsepower, 'is derived from the \ 
braking device (usually a dynamometer) which is^ 
applied to measure the horsepower an engine 
develops . The dynamometer consists of a 
/ resistance-creating device, such as an .electric - 
armature revolving in a magnetized field. A 
paddle wheel revolving in a fluid may also be 
used to absorb the energy. 

An ENGSlE DYNAMOMETER may be 
used to test an engine t]m has been removed 
from the vehicle it drives. If the engine does not 
develop the manufacturer's recommended 
horsepower and torque at specific rpms, the 
engine must be tuned up or repaired. 

The CHASSIS DYNAMOMETER can give 
a quick report on engine conditions by 
measuring output at various speeds and loads. It 
is useful in shop testing and adjusting automatic 
transmissions. 

- On the chassis dynamometer, figure 5-1 , the 
driving wheels of the vejiicle are placed on 




\ Figure 5-1. — Chassis dynamometer. ■ 



\ 
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rollers. 4 The engine drives the wheels and the 
wheels drive the rollers. By loading the rollers 
varying amounts and by running the engine at 
different Vpms,' nearly all normal driving 
conditions can be simulated. The tests and 
checks can be made without the interference of 
body noises, as happens when the vehicle is 
driven on the road. 

FRICTION HORSEPOWER 

FRICTION HORSEPOWER i% the 
difference between indicated horsepower and 
brake, horsepower. Actually, it .-is the power 
required to overcome friction within the engine, 
such as friction between engine parts, resistance 
in driving accessories, and, among other things, 
loss due to pumping action of the pistons. The 
latter may be compared to the effort required to 
raise the handle of a hand-operated tirc fump. It 
may be difficult to properly define friction 
horsepower, but with proper maintenance, it can 



be reduced to improve the mechanical efficiency • 
of the jfengine. 

J 

DRAWBAR AND BELT HORSEPOWER 

There are two kinds of horsepower 
commonly used by manufacturers in rating the 
power of construction vehicles — drawbar and 
belt horsepower. 

drawbar Horsepower is the power 

that can be exerted in pulling a load. 

Specifications of the Caterpillar D-8 H serfl^ 

with a D-342 engine, for example, rate the 
drawbar horsepower at 180. 

BELT HORSEPOWER is equivalent to the 
rated engine power, except in cases where the 
belt pulley is driven through a gear train. In this 
case, there is a slight loss of power caused by 
gear* friction. Also, while there may be some 
belt-pulley slippage, it is considered negligible in 
arriving at the belt horsepower rating. 
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Figure 5»2.— Performance curves of a typical 6-cylinder gasoline engine. 
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Figure 5-3 Performance curves of a typical 6-cylinder diesel engine. 



The national Automotive Chamber of 
Commerce has developed a simplified method of 
determining taxable horsepower based on the 
bore of the engine and the number of cylinders. 
This specification is listed in most 
manufacturers' manuals, but it does not truly 
represent the actual horsepower of modem high- 
speed, high-compression engines. It is used for 
licensing purposes only in some states. 



GRAPHS ANDDIAGRAMS 



Graphs and diagrams are abbreviated 
methods of recording operation and 
maintenance data. 

Manufacturers' operation and maintenance 
manuals often contain graphs and diagrams. 
The technical bulletins, prepared chiefly for 
tuneup mechanics, may use a particular graph or 



diagram to eliminate pages of written 
description that otherwise would be necessary. 

PERFORMANCE CURVES 

* 

Figures 5-2 and 5-3 are examples of graphs 
that describe engine performance in terms of 
brake horsepower ^nd fuel consumption. 
Dynamometer tests provide the data used in 
plotting the-perf ounance curves for each engine. 
Figure 5-4 lis another example of a graph. It 
shows that the amount of torque an engine 
produces varies with its speed. The relationship 
between torque and horsepower is shown in 
figure 5-5. 

Horsepower is related to both torque and 
speed. When both are increasing, as they do 
between 1200 and 1600 rpm, then horsepower 
goes up sharply. As torque reaches maximum 
and begins to taper off, horsepower continues to 
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Figure 5-4.— Graph showing relationship between torque 
and speed. 

rise to maximum. Thc^ horsepower starts to 
'decline beyond rated speed where torque falls 
off sharply. 

TIMING DIAGRAMS 



d^scri 



Engine timing, as described in Construction 
Mechanic 3. & 2, is largely a matter of opening 

' and closing valves or ports, and of adjusting 
ignition or fuel injection, so that these events 
occur at the proper time in the cycle of engine 
operation. Timing ^diagrams picture these events 
in relation to each other and in relation to top 

. dead center' (TDC) and bottom dead center 
(BDC). They are useful to the CM for quick and 
easy reference. However, before timing 
diagrams can be very useful, the mechanic must 
recall a few facts about engine cycles. 

The 4-stroke cycle engines-makes two 
complete crankshaft revolutions in one cycle 
(intake, compression, power, and exhaust)* The 
2-stroke cycle engine completes a cycle with just 

^one crankshaft revolution. With diesel engine 
cycles (2- and 4-stroke), the event of fuel 
injection will be shown on the timing diagram 
instead of spark ignition which is common to 
gasoline engine ocferating cycles. 
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Fijnjre 5-5. — Relationship between torque and horsepower. 



Four-Stroke Cycle Engine Timing 

x Figure 5-6 illustrates a typical timing diagram 
for a 4-stroke cycle diesel engine. The actual 
length of the strokes illustrated and the 
beginning of fuel injection will vary a few 
degrees in either direction, depending on a 
specific manufacturer's recommendations. 
Follow the events in this cycle by "tracing the 
circular pattern around two complete 
revolutions in a clockwise direction. 

Start TDC with the beginning of the 
POWER STROKE. Comr)ression is at its peak, 
fuel injection has been completed, and 
combustion is taking place. Power is delivered to 
the crankshaft as the piston is driven downward 
by the expanding gases in ihe iylinder. Povycr 
delivery ends when the exhaust v^lve opens^ 

v After the. exhaust valve opens, the piston 
continues downward to BDC and then upward 
fctj the EXHAUST STROKE. The exhaust g^ses 
ate pushed out of the cylinder as the piston rises 
to TDC, and the exhatlsU valve closes a few 
degrees after TDC to insure proper scavenging. 
The crankshaft has made a completgrevolutiorT 
during the power and exhaust str<5£^57~ 
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INTAKE VALVE OPENS 



I 




EXHAUST VALVE CLOSES 



EXHAUST VALVE OPENS* 



Figure 5-6.— Typical timing diagram of a 4-stroke cycle diesel engine. 



To aid in scavenging the cylinder, Jhe intake 
valve opferts a fpw degrees before TDC near the 
end of the upward exhaust stroke. As the 
crankshaft continues to rotate past TDC, J the 
INTAKE STROKE begins.. The intake .stroke 
continues for the whole downward stroke and 
part of the next up stroke to take advantage of 
the inertia of the incoming charge of fresh air. 

The rest of , the upward strode is the 
COMPRESSION STROKEt wMcTBigins at the 
instant ofjiiiake Valve^losing and ends at TDC. 
?UEirT5UECTION may begin as much as 40° 
before TDC, and* continue, to TDC, thu* 
completing the power cycle and the second 
complete revolution of the engine. 

By substituting the event of IGNITION for 
fuel injection, figure 5-6 could easily represent a 
timing diagram for a typical gasoline engine. 




For additional information on diesel fuel 
injection system teste that can be made l?oth in 
the shop and In the field, rpfer to the 
manufacturer^ service manual. 



Two-Stroke Cycle Engine Timing 

Figur^ 5-7 illustrates a timing diagram of a 
2-stroke, cycle diesel engine. This engine is 
typical pf the General Motors series which uses a 
blower to send fresh air into the cylinder and to 
clear out the exhaust gases. The movement of 
the piston itself does practically none of the 
work of intake and exhaust, as it does in a 
4-stroke cycle engine* This fact is important to 
the mechanic in dete&ing 2-rStroke cycle diesel 
engine pQwer losses. 
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closed. The blower continues to send fresh air 
into the cylinder, for jus£ a short time (only 
3 1/2° of rotation), but if is sufficient to give a 
slight supercharging effect. N * 

The intake ports are closed at 48° after BDC, 
and* compression takes place during # the 
remainder of the upward stroke of the piston. 
Injection begins at about 22 1/2° before TDC 
and ends about 5° before TDC, depending <?n 
ttie engine speed and load. 

The whole cycle is completed in one 
revolution of the crankshaft, and the piston is 
ready to deliver the next power stroke. 

• \ 

Multiple Cylinder Engines 

Theoretically, the power stroke of a piston 
continues for 180° of crankshaft rotation on a 



Beginning at TDC (fig. 5-7), the fuel has 
been injected, and combustion is taking place. 
The piston is driven down, and power is 
delivered to the crankshaft until the piston is just 
a little more than halfway down. The exhaust 
valves (two in each cylinder) open 92 1/2° after 
TDC. The exhaust gases blow out through the 
jnanifold, and the cylinder pressure drops off 
rapidly. 

At 132° after TDC (48° before BDC), the 
intake ports are uncovered by the downward 
movement of the piston. Scavenging air under 
blower pressure $wirlfc upward through the 
cylinder and clears the cylinder of exhaust gases. 
This flow of cool air also helps to cool, the 
cylinder and the exhaust valves. Scavenging 
continues until the piston reaches 44 1/2° after 
BBC. At this point, the exhaust valves are 
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4-stroke cycle engine. Best, results can be 
obtained, however, if the exhaust valves are 
opened when the power stroke^ has completed 
about four-fifths of its travel. Therefore, the 
period that power is delivered during 720° of 
crankshaft rotation, or one 4-stroke cycle, will 
be 145 0 multiplied by thf number o£ cylinders in 
the epgine. This may^yary slightly in accordance 
with manufacturers' specifications. If an engine 
has two^cylinders, power will be transmitted for 
290° of the 720° necessary to complete the four 
events of the cycle. The momentum of the fly 
wheel rotates the crankshaft for the remAiriing 
430° of travel. 

As cylinders are adtfed to an engine, each one 
must complete the four steps of cycle during two 
revolutions of the crankshaft. The number of 
power * impluses m for each revolution also 
increases-, producing smoother operation. If 
there are morp than four cylinders, the power 
strokes overlap as shown in figure 5-8. The 
length of overlap increases with the number of 
cylinders. The diagram for the 6-cylinder engine 
shoves a new/power stroke starting each 120° of 
crankshaft rotation and lasting 145°. This 
provides an overlap of 25°. In the 8-cylinder 
engine, a power stroke starts every 90° and 
continues for 145°, resulting in a 55° overlap of 
power. Because tlfe cylinders fire at regular 
intervals, the power overlap will be the same 
regardless of firing order and will apply to either 
in-line or V-type engines. 



POWER LOSSES AND FAILURE 

, Power failures can result from minor 
troubles, such as loose or bare wires and 
disconnected * or damaged fuel fines. When 
reported by the Equipment Operator, these 
troubles are easy to detect without too much 
checking, and testing. The supervisor, must, 
however, make the mechanics aware thatJhere 
probably was, in addition, an actual or 
contributing cause to the power failure. The 
supervisor must train them to look for this cause 
while making repairs. Unless elirriinated, this 
may be the cause of major trouble later on. 

Too often, troubles concerned with power 
loss occur within the engine and are not easily 



found. It is these hard-to-find troubles, with 
little or no visual indication, that keep the CM's 
busy. An operator may notice a decided power 
loss in the equipment, and because there is 
excessive smoke coming from the exhaust report 
the trouble as improper carburetion, or, in the 
case of a diesel engine, as injector trouble. 

An inexperienced mechanic may notice an 
increased engine, temperature in addition to the 
exhaust smoke and diagnose the loss of power as 
improper valve action, or as trouble in the 
coohng system. The diagnoses are comparatively 
simple through visual indications. But, as a CM1 
or CMC, you know that there are many causes 
of pdwer loss that ' have little or no visual 
indications. Examples are indorrect ignition 
timing, faulty coil or condenser, defective 
mechanical or vacuum spark advance, worn 
distributior cam* or slipping clutch. Any of them 
can cause a power loss. 

After a deficiency has been located in an 
engine, it is usually easy to make the neces&ty 
corrections to eliminate the conditions causing 
the deficiency. Careful analysis and straight 
thinking, however, are often nee4e4-to find the 
cause of engine efficiencies. With a thorough 
knowledge of the basic engineering and 
operating principles of, ah engine, the 
supervisor's job of training the mechanics will be 
easier a pd mor e interesting. In diagnosing engine 
deficiencies, the supervisor must never jump to 
conclusions and make a decision on the nature 
of repairs to be made until sure that what will be 
done will eliminate the trouble. The mechanics 
must be able to interpret the engine instrument 
indications, as well as use the proper testing 
devices. Furtherm6re, they must be able to road- 
test the equipment to determine whether repairs 
have been made satisfactorily and whether a unit 
should be adjusted or replaced: Besides, ^he 
mechanic must know when and how to make 
emergency adjustments for every unit on the 
engine. 

It may seem that some of the qualifications 
required of a good mechanic point to the know- 
Kow of an automotive engineer. However, no 
one person can know all about engines and also 
be an expert in repairing all kinds of powered 
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6— CYLINDER ENGINE 
FIRING ORDER 153624 




- 8-CYCINDER ENGINE 

FIRING ORDER 16258374 



NOTE —THE CIRCLES SHOWN ABOVE REPRESENT 720 DEG NOT ^60 DEG BECAUSE THE 
CRANKSHAFT MUST ROTATE THROUGH 720 DEG TO COMPLETE 
THE CYCLE ONCE FOR ALL CYLINDERS 



Figure 5-8.— PoweMtrokes in 1-, 4-, 6-, and 8-cylinder engines. 



2.25 



equipment used by the SEABEES. For instance, 
if the checks or instrument tests indicate some 
internal trouble in a magneto, carburetor, or 
fuel injection unit, the repairs should be made 
by mechanics who have experience or have been 
specially trained to use the equipment to do the 
particular job at band. It is the supervisor who 



will be expected to have the answers, or know 
where to find the answers, to all the questions 
asked by less experienced mechanics. 

The three basic factors that affect an internal 
combustion engine's power are: COMPRES- 
SION, IGNITION, and CARBURETION. In 
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the diesel engine, fuel is injected into each 
cylinder, and ignition depends on the heat of 
compression; in the gasoline engine, ignition and 
carburetion are independent. In both engines, of 
course, proper action and timing of all three 
factors are necessary for the engine to produce 
its rated power. 

♦ It is obvious then that an engine runs and 
develops rated power onlv if all of its parts 
function or operate -as they should. If any of 
these parts wear or break, requiring replacement 
or adjustment, the performance charts and 
engine specifications are "tools" that will help 
bring those parts back to their * original 
relationship to each other. 

There are more factors NOT directly 
associated with engine working parts that must 
be considered in correcting engine power losses. 

OPERATING CONDITIONS can affect 
engine power. For example, the usable 
horsepower of an engine \s reduced by the 
number of accessories it must operate. If the 
engine is required to provide power for lifting 
operations at the same time it is delivering power 
to wheels or tracks, the engine may be 
overloaded and may not be able to develop its 
rated rpm; consequently, the rated horsepower 
would NOT be reached. 

The effect of ALTITUDE on engiffe power 
must also be considered. As a rule, 2 1/2 percent 
of the output of an engine is lost for every 
1,000-foot increase in elevation above sea level. 
Overheated air entering the cylinders has the 
same effect on engine power as an increase in 
altitude. In computing horsepower output, 
engineers will deduct as much as 1 percent for 
each J0°F rise in the intake air temperature 
above a " normal" temperature of 70 °F. 



DIAGNOSING ENGINE PROBLEMS 

Diagnosing may be defined as a systematic 
means of identifying a problem by utilizing all 
available information and facts. Usually, the 
Equipment Operator will be able to tell the 
symptoms, such as the engine lacks power, uses 



excessive oil, has low oil pressure, or makes 
certain noises. 

Some internal engine problems may be found 
by listening for unusual noises and knocks or by 
examining the exhaust gases for indications of 
incomplete combustion. Then too, placing an 
artificial load on an engine can emphasize 
pertain noises; for example, applying the brakes 
and pattially engaging the clutch with the vehicle 
transmission in high gear. In this manner, the 
engine operating under a load can be heard 
without the interference of body noises. 

There are other tricks of the trade that a 
mechanic may also use, such as feeling the oil of 
shorting out the spark ]>lu£S to get an idea of the 
source of trouble. 

EXCESSJVE OIL CONSUMPTION 

1 

Excessive oil consumption would probably 
first be noted byjhe Equipment Operator who 
has to add oil to maintain the proper oil level. 
There are two main causes of excessive oil 
consumption — external leakage and burning in 
the combustion chamber. 

External oil leaks can often be detected by 
inspecting the seals around the oil pan, valve 
covers, timing gear housing, and at the oil line 
and oil filter connections. 

The burning of oil in the combustion 
chamber usually produces a bluish tinge in the 
exhaust gas. Oil may enter the combustion 
chamber in three ways— through a cracked 
, vacuum pump diaphragm when the vehicle is 
equipped with a combination fuel and vacuum 
pump, through clearances caused by wear 
between the intake valve guides and stems, and 
around the piston rjngs. 

Excessive oil consumption caused by worn 
valve guides or stems may be indicated by too 
much carbon on the undersides of the intake 
valve. In this case, it is usually necessary to 
install valve seals, new valve guides, or new 
valves. If excessive oil consumption is caused by 
worn rings or worn cylinder walls, the supervisor 
will probably have the mechanics do a complete 
engine overhaul. 
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low oil Pressure 

Low oil pressure often indicates worn engine 
bearings. The be&rings can pass so much oil the 
jfiX pump cannot maintain oil pressure. Other 
causes of'low oil pressure include a weak relief- 
valve spring, a worn oil pump, a broken or 
cracked oil line, or a clogged oil line. Oil 
dilution, foaming, sludge, insufficient oib'or oil 
made too thin by the engine overheating vnll also 
cause lcpv oil pressure. \ / j 

ENGINE NOISES 

A variety of engine noises may occur 
although some have little significance. Other 
noises can indicate serioqs engine trouble that 
will require prompt attention to prevent major 
damage to the engine. 

A listening rod can be of help in locating the 
source of a, noise. The rod acts somewhat like 
the stethoscope a doctor uses to listen to a 
patient's heartbeat or breathing. When one end 
is placed at the> ear and the other end at some 
particular part of the .engine, noises from that 
part of the engine will be carried alOngthe rod to 
your ear. By determining the approximate 
source of the noise, you can, for example, locate 
a broken or noisy ring in a particular cylinder or 
a main bearing knock. 

Valve and Tappet Noise 

Valve and tappet noise is a regular clicking 
sound that increases jn int&isity as the engine 
speed increases. The cause Is usually excessive 
valve cleara nce. A feeler gage inserted between 
the valve stem and lifter or rocker arm will 
reduce the clearance, and the noise should 
decrease. If the noise does not decrease when the 
feeler gage is inserted, it is probably Caused by 
weak lifter springs, worn lifter faces, lifters loose 
in the block, a rough adjustment-screw face, a 
rough cam lobe, or possibly the noise is not from 
the valves at all. 

A noisy hydraulic valve lifter maybe sticking 
because of dirt in the ball or disk^alve. When 
this happens, you must disassemble the lifter 
and clean all the parts in a clean solvent. Then 



reassemble the lifter ax^fill it with clean, ligW 
engine oil. < I 

\ 

Connecting Rod Noise 

Connecting rod noise usually tends to give 
off a light knocking or pounding sound. The 
sound is more noticeable when the engine is 
"floating" (not accelerating or decelerating) or 

- -£S the throttle is eased off with the vehicle 
'running at medium speed. To locate a noise in 

y the connecting rod, short out the spark plugs 
one at a time. The noise will be greatly reduced 
when the piston in the * cylinder that is 
responsible is not delivering power. 

. Piston-Pin Knack 

Piston-pin knock is identified more as a 
metallic double-knock rather than a regular 
clicking sound like that heard in valve and 
tappet noise. In addition, it is most noticeable 
(hiring idle with the spark advanced. A check 
(fan be pade by idling the engine with the spark 
advanced and then/shorting out the spark plugs. 
Piston-pin nbise coming from a cylinder will be 
reduced somewhat when the spark plug for that 
cylinder is shorted out. Causes of this noise are a 
worn or loose piston-pin, a worn bushing, and a 
lack of oil. ^ 



Piston-Ring Noise 



Piston-ring noise is also similar to valve and 
tappet noise since it is identified by a clicking, 
snapping, or rattling sound. This noise is most 
noticeable on acceleration. Low-ring tension, 
broken or worn rings, or worn cylinder walls will 
produce this sound. To avoid confusing this 
sound with other engine noise, make the 
following test: remove the spark plugs and add 
an ounce or two of heavy engine oil to each 
cylinder. Crank the engine for several 
revolutions, to .work the oil down past the rings. 
Replace the spark plugs and start the engine. If 
the noise has decreased, it is probable that the 
rings are at fault. 

Piston Slap 

Piston slap' may be detected by a hollow, 
bell-like knock and is due to the rocking back 



9 

ERIC 



5-12 



1 * v 



Chapter S— ENGINE OVERHAUL 




NORMAL IDLE 
15 / 




THROTTLE OPENED SUDDENLY 




MAX READING AFTER 
THROTTLE IS OPENED SUDDENLY 



227.8 

Figure 5-10.— Approximate vacuum gage readings on a 
normal operating engine. 



pointer to swing widely as the engine is 
accelerated. A loose intake manifold, or a 
leaking gasket between the carburetor and 
manifold, would show a steady, low reading on 
the vacuum gage. 

Vacuum gage tests only help to locate the 
trouble. They are not always conclusive, but as 
you gain experience in interpreting the readings, 
you can usually diagnose engine behavior. 

Cylinder Leakage Test 

Another aid in locating compression leaks is 
the cylinder leakage test. The principle involved 
is that of simulating the compression that 
develops in the cylinder during "operation. 
Compressed air is introduced into the cylinder 
through the spark plug or injector hole, and by 
listening and observing at certain key points, 
basic deductions can be made. 

There are commercial cylinder leakage testers 
available, but actually the test may be conducted 
with materials readily available in most repair 
shops. In addition to the supply of compressed 
air, a device for attaching the soupee of air to the 
cylinder is required. For a gasoline engine, this 
device can be made by using an old spark plug of 
the correct size for the engine to be tested. By 
removing the insulator and welding a pneumatic 
valve stejn to the spark plug's threaded section, 
you now have a device for introducing the 
compressed air into the cylinders 

^he next step is to place the piston at TDG or 
"rock" position between the compression and 
power 'strokes. The compressed air may then be 
introduced into the cylinder. Note that- the 
engine will tend to spin. Now, by listening at the 
carburetor, the exhaust pipe, and the oil filler 
pipe (crankcase),' and by observing the coolant 
in the radiator, when applicable, the area of air 
loss can be pinpointed. A loud hissing of air at 
the carburetor would indicate a leaking intake 
valve or valves. Excessive hissing of air at the oil 
filler tube (crankcase) would indicate an 
excessive air leak past the piston rings. Bubbles 
observed in the coolant at the radiator would 
indicate a leading head gasket. 
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As in vacuum testing, indications are not 
conclusive. For instance, the leaking head gasket 
may prove to be a cracked head, or the bad rings 
may be a scored cylinder wall. The important 
thing is that tlie source of trouble has been 
pinpointed to a specific area, and a fairly broad, 
accurate estimate of the repairs or adjustments 
required can be made without dismantling the 
engine. 

In making a cylinder leakage test, all the 
spark plugs are removed so that each piston can 
be positioned without the resistance of compres- 
sion of the remaining cylinders. The commercial 
testers, Such as the one shown in figure 
5-11 have a gage indicating a percentage of 
air loss. The gage is connected to a spring-loaded 
diaphragm. The source of air is connected to the * 
instrument and counterbalances the action of 
the spring against the diaphragm. By adjusting 
the spring tension, the gage may be properly 
calibrated against a variety of air pressure 
sources within a given tolerance. 
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Figure 5-11.— Cylinder leakage tesler. 




Tachometer 

The tachometer is a speed-indicating 
instrument which measures the rpm's of a 
rotating shaft. It may be either manually or 
electrically operated. 

A manual tachometer (fig. 5-12) is held by its 
tip against the end of an exposed rotating shaft. 
Make sure the end of the shaft is clean and there 
is no slippage between the tip of the tachometer 
and the shaft. Read the speed directly the 
tachometer dial which is .calibrated in 
revolutions per minute. No timing is necessary as 
variations in speed will be reflected by 
movement of the pointer on the dial during the 
test 

When using the manual tachometer on a 
shaft, make sure that shaft turns the same speed 
as tfce crankshaft or you will pot get an accurate 
reading of engine rpms. In many instances, it is 
easy to take manual tachometer readings off a 
camshaft^ or fuel pump shaft. . On 4-cycle 
engines, this shaft runs at one-half engine speed. 
Consequently, any^ manual tachometer reading 
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Figure 5-12. —Manually operated tachometer. 
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and forth of the piston in the cylinder. If the slap 
occurs only when the engine is cold, it is 
probably not serious. However, if it occurs 
under all operating conditions, a further 
examination is called for. The slap can be caused 
by worn cylinder walls, worn pistons, collapsed 
piston skirts, or misalined connecting rods. 

Crankshaft Knock 

Crankshaft knock is a heavy, dull, metallic 
knock that is noticeable when the engine is under 
load or accelerating. When the noise is regular, 
it can be contributed to worn main bearings. 
When irregular and sharp, the noise is probably 
due to worn thrust bearings. 
\ t 
TESTING 

4 

In most shops, the Navy provides accurate 
and dependable testing equipment. But having 
the testing equipment in the shop is NOT 
enough. The supervisor and the crew must know 
how to use this equipment since proper use 
provides the quickest and surest means of 
finding out what is wrong and where the fault 
lies. j\ 

o . 

Four of the most widely used testing 
/instruments are the cylinder Compression tester, 
1 1 vacuum gage, cylinder leakage tester, and 
*'* • tachometer. 

Compression Test 



i\s you have learned, engine power results 
from igniting a combustible mixture which has 
been compressed in the combustion chamber of 
an engine cylinder. The tighter a given volume of 
fuel mixture is squeezed in the cylinder before it 
is ignited, the greater the power developed. 
Unless approximately the same power is 
developed in each cylinder, the engine will run 
unevenly. The cylinder compression tester (fig. 
5-9) is used to measure cylinder pressure in psi, 
as the piston moves to TDC on the compression 
stroke. » 
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Figure 5-9!— Cylinder compression tester. 



By mea&tmng compression pressures of all 
cylinders with a compression gage, then 
comparing them with each other and with the 



manufacturer's specifications for anew engine, 
you get an' accurate indication of engine 
condition. 

The compression pressures in the different 
cylinders of an engine may vary as much as 20 
pounds. The variation is caused largely by the 
lack of uniformity in the volume of the 
combustion chamber. It is nearly impossible to 
make all the combustion chambers in a cylinder 
head exactly the same size. J^or example, iiKa 
given fcngine with a 7 to 1 compression ratio with 
all combustion chambers the same volume, the 
compression pressure would be abdut 120 
pounds in all cylinders. However, if one 
combustion chamber is 1/3 cubic inch too small, 
the pressure will be about 126 pounds, and if it is 
1/3 cubic inch too large, the compression 
pressure would be dbout 114 pounds. This is a 
variation of 12 pounds. Note, also that a carbon 
deposit will raise the compression pressure at 
any given ratio by reducing the combustion 
chamber volume— the greater the deposit, the 
higher tjie pressure. 

T % o make a compression test, first, warm up 
the engine. Warming up will allow all the engine 
parts to expand to normal operating condition 
and will insure a film of oil on the cylinder walls. 
Remember that the oil film of the walls of the 
cylinder helps the expanded piston rings to seal 
the compression within the cylinder. After the 
engine is warmed to operating temperature, shut 
it down and remove all the spark plugs. 
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Removing all the plugs will m^ke the engine 
easier to crank while-you obtain compression 
readings at each cylinder. The throttle and choke 
should be in a wide-open position when 
compression readings are taken. Some 
compression gages can be screwed into the spatfc 
plug hole. Most compression gages, however, 
have a tapered rubber end plug and must be Held 
securely in the spark plug opening until the 
highest reading of the gage is reached. 

Crank the engine with the starting motor 
until it makes at least four complete revolutions. 
Normal compression readings for gasoline 
engine cylinders are usually 100 psi, or slightly 
higher. Compression testing is faster and safer 
when there are two mechanics assigned to the 
job. Remember that the compression test must 
be completed before the engine cools off. 

Unless the compression readings are 
interpreted correctly, it is useless to make the 
tests ^Any low readings indicate a leakage past 
the valves, piston rings, or cylinder head gaskets. 
Before taking any corrective action, make 
another check to try to pinpoint the trouble. 
Pour approximately a tablespoon of heavy oil 
into the cylinder through the spark plug hole, 
-and then retest the compression pressure. If the 
pressure increases to a more normal reading, it 
means the loss of compression is due to leakage 
past thepiston rings. If adding oil does not help 
compression pressure, the chances are that the 
leakage is past the valves! Low compression 
between two adjacent cylinders indicates a 
leading or a blown head gasket. If the 
compression pressure of k cylinder is low for the 
first few piston strokes, then increases to nean 
normal, a sticking valve is indicated. Near 
normal compression readings on all cylinders 
indicate that the engine cylinders and valves are 
in fair condition. Indications of valve troubles 
by compression tests may be confirmed by 
taking vacuum gage readings. 

Vacuum Test , 

When an engine has an abnormal 
compression reading, it is likely that the^yl^ider 
head will have to be removed to repair the 
trouble. Nevertheless, the mechanics should test 



the vacuum of the engine with a gage. The 
vacuum gage provides a means of testing intake 
manifold vacuum, cranking vacuum, fuel pump 
vacuum, and booster pump vacuum. The 
vacuum gage does NOT replace other test 
equipment, but "rather supplements it, and 
diagnoses engine trouble more conclusively. 

Vacuum gage readings are taken with the 
engine running and must be accurate to be of 
any value. Therefore, the connection between 
the gage and intake manifold must be leakproof. 
Also, before the connection is made, see that the 
openings to the gage and intake manifold are 
- free from dirt or other restrictions. 

When a test is made at an elevation of 1,000 
feet or less, an engine in good condition, idling 
at a speed of about 550 rpm, should give a 
steady reading of from 17 to 22 inches on the 
vacuum gage. The average reading will drop 
approximately 1 inch of vacuum per 1,000 feet at 
altitudes of 1,000 feet and higher above sea level. 

Upon opening and closing the thottle 
suddenly, the vacuum reading should first drop 
to about 2 inches with the throttle open, and 
come N back to a high of about 24 inches before 
settling back to a steady reading as the engine 
idles, as shown in figure 5-10. This is normal for 
an engine in good operating condition. 

If the gage reading drops to around 1 5 inches 
and remains there, it would indicate 
compression leaks between the cylinder walls 
and the piston rings, or power loss caused by 
incorrect ignition timing. A vacuum gage 
pointer indicating a steady 10, for example, 
usually means that the valve timing of the engine 
is incorrect. Below normal readings that change 
slowly between two limits, such as 14 and 16 
inches, could point to a number of troubles. 
Among them are improper carburetor idling 
adjustment, maladjusted* or burned breaker 
points, and spark plugs with the electrodes set 
too closely. 

A sticking valve could cause the gage pointer 
to bounce from a normal steady reading to a 
lower reading and then back to normal. A 
broken or weak valve spring would cause the 
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taken from this shaft must be doubled to geUhe 
true engine speed. 

The electric tachometer is connected to the 
ignition primary circuit to measure the/number 
• of times per minute the primary circuit is 
interrupted. It then translates this information 
into engine speed. 

The electric tachometer may have a selector 
switch on it that can be turned to correspond 
with the number of lobes on the distributor cam. 
The number of lobes will be the same as the 
number of cylinders in the engine. For the 
proper method of hooking up and using the 
electric tachometer, check the manufacturer's 
instructions for the tachometer you are using. 

Gage Care and Maintenance 

As^CMl or CMC, you will probably be- 
responsible for the care and maintenance of the 
engine testing equipment, such as cylinder 
compression tester, vacuum gage, cylinder 
leakage tester? and tachometer. The supervisor, 
must impress upon the mechanics that these 
gages and testers are fragile instruments that can 
be damaged through improper use or rough 
handling. They should be kept in ^safe place in 
the toolroom and should be returned there 
immediately after being'used. Keeping the gages 
and testers clean is about all the maintenance 
that is required. If they are dropped, broken, or 
"~ jarred out of calibration, it is^nerally neces- 
sary to return them to the manufacturer for 
repairs. 

MICROMETERS 

Since a micrometer is often used in 
diagnosing engine problems, it is important that 
the mechanics understand its mechanical 
principles and construction and learn to use and 
car^.fQr it. Micrometers are used to measure 
* distahces to the nearest one-thousandth of an 

inch. Each measurement is usually expressed or 
written as a decimal. Figure 5-13 shows an 
outside micrometer with the various parts clearly 
indicated. 

> 
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Figure 5-13. — Nomenclature of an outside micrometer. 



Types 

There are three types of micrometers 
commonly used"" throughout the Navy: the 
outside micrometer (including the screw thread 
micrometer), the inside micrometer, and the 
depth micrometer. (See fig. 5-14.) The outside 
micrometer is used for measuring outside 
dimensions, such as the diameter of a piece of 
round stock. The screw thread micrometer is 
used to determine the pitch diameter of screws. 
The inside micrometer is used for measuring 
inside dimensions, such as the bore of a cylinder 
or the width of a recess. The depth micrometer is 
used for me&uring the depth of holes or 
recesses. 

Reading a Micrometer 

The sleeve and thimble scales of the 
micrometer have^been enlarged in figure 5-15. 
To understand 1 tliese scales, you need to know 
that the threaded section on the spindle, which 
revolves, has 40 threads per inch. Therefore, 
every time the thimble completes a revolution, 
the spindle advances or recedes 1/40 (0.025) 
inch. 

Notice that the horizontal line on the sleeve is 
divided into 40 equal parts per inch. EVery 
fourth graduation is numbered 1, 2, 3, 4, etc., 
representing 0.100 inch, 0.200 inch, etc. When 
you turn the thimble so that its edge is over the 
first sle^e line past the "0" on the thimble 
^scale, the spindle has opened 0.025 inch. If you 
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Figure 5-15. -Sleeve and thimble scales of a micrometer 
(e nlarged). 



turn the spindle to the second mark, it has 
moved 0.025 inch plus 0.025 inch or 0.050 inch. 
You use the scale on the thimble to complete 
your reading when the edge of the thimble stops 
between graduated lines. This scale is divided 
into 25 equal parts, each part representing one 
twenty- fifth of a turn. And 1/25 of 0.025 inch is 
0.001 inch. As you can see, every fifth line on 
the thimble scale is marked 5, 10, 15, etc. The 
thimble scale, therefore, permits you to take 
very accurate readings to the thousandths of an 
inch,^and, since you can estimate between the 
divisions on the thimble scale, fairly accurate 
readings to the ten-thousandth of an inch are 
possible. 

The closeup in figure 5-16 will help you 
understand how to take a complete micrometer 
reading. Count the units on the thimble scale, 
and add them to the reading on the sleeve scale. 
The heading in the figure shows a sleeve reading 
of 0.250 inch (the thimble having stopped 
slightly more than halfway between 2 and 3 on 
the sleeve) with the 10th line on the thimble scale 
coinciding with the horizontal sleeve line. 
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Figure 5-16.— Reading a micrometer. 
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Number 10 on this scale means that the spindle 
has moved away from' the an vil an additional 
10 x 0.001 inch or 0.010 inchT^dd this amount 
to the 0.250 inch sleeve reading and the total 
distance is 0.260 inch. - 

Read each' of the micrometer settings 
figure 5-17 so that you can be sure of yourself 
when you begin to teach your mechanics. The 
correct readings are given following the figure so 
that you can check yourself and your mechanics. 

Figure 5-18 shows a reading in, which the 
horizontal line falls between two graduations on 
the thimble scale and is closer to the 15 
graduation than it is to the 14. To read this to 
THREE decimal places, refer to figure 5-18 and 
calculation A. To read it to FOUR decimal 
places/ estimate the number of tenths of the 
distance between thimWe-scale graduations that 
the horizontal line has fallen. Each tenth of this 
distance equals one ten-thousandth (0.0001) of 
an inch. Add the ten-thousandths to the reading 
as shown in calculation B of figure 5-18. 

Reading a Vernier Micrometer 

Many' times you will-be required to work to 
exceptionally precise dimensions. Under these 
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Answers for checking— 



.j 



1. 




0.327 


6. 


- 0.336 


2. 




0.229 


7. 


« 0.246 


3. 


ss 


0.428 


8. 


» 0.148 


4. 




0.438 


9. 


- 0.349 


5. 
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0.137 
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Figure 5-17.— Micrometer-reading exercises. 
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Figure 5-18.— Interpolating a micrometer reading. 



conditions, it is better to use a micrometer that is 
accurate to ten-thousandths of an inch. This 
degree of accuracy is obtained by the additiorf of 
a vernier scale. This scale, shown in figure 5-19, 
furnishes the fine readings between the lines on 
the thimble rather than making you estimate. 
The 10 spaces on the vernier are equivalent to 9 
spaces on the thimble. Therefore, each ynit on 
the vernier scale is equal to 0.0009 inch and the 
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.200 
*025 
.022 
.0000 

.2470 



difference-between the sizes of the units on each 
scale is 0.0001 inch. 

When a line on the thimble scale does not 
coincide witjultf horizontal sleeve line, you can 
determine the additional space beyond the 
readable thimble mark by finding which vernier 
mark coincides with a line on the thimble scale. 
.Add this number, as that many ten-thousandths 



of an inch, to 
5-20, see how th 



jthe original reading. In figure 
> second line on the vernier scale 
coincides with a line on the thimble scale. This 
means that the 0.011 mark on the thimble scale 
has been advanced aji Additional 0.0002 inch 
beyond the horizontal sleeve line. When you add 
this to the other readings, the reading will be 
0,200 + 0.075"^ 5.01 1 + 0,0002 or 0,2862 inch 
as shown/* \J 

1 I 
Measuring Hole Diameter 

with an Inside Micrometer * 

To measure the diameter of small holes from 
0,2 inch to 1 inch in diameter, an inside 
micrometer caliper of the jaw type, as shown in 
view A, figure 5-21 may be used. Note that the 
figures on both the thimble and the barrel are 
reversed, increasing in the opposite direction 
from those on an outside micrometer. This is 
because this micrometer reads inside measure- 
ments. Thus, as you turn the thimble clockwise 
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Figure 5-19,— Vernier jeale on a micrometer. 
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^Figure 5-20.— Reading a vernier micrometer. 
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Figure 5-21.— Measuring an inside diameter with an inside 
micrometer. 



on this micrometer, the measuring surfaces 
move farther apart and the reading increases. 
(On an outside micrometer, as you turn the 
thimble clockwise, the measuring surfaces mgve 
closer together and the reading decreases.) 

For holes 2 inches or more in diameter, select 
the inside micrometer having extension rods 
whose range includes the required dimension. 
The extension rod marked "6-7" for example, 
when inserted into the head of the micrometer, 
will measure inside diameters from 6 to 7 inches. 
The shoulder on the rocl must seat properly to 
insure a correct reading. View B, figure 5-21 
shows that, for large measurements, both hands 
are used to set the micrometer for checking a 
diameter. Hold one end in place with one hand 
as you "feel" for the maximum possible setting 
by moving the other end from left to right, and 
in and out of the hole with the other hand. 
When no left-to-right movement is possible, and 
a slight drag is noticed on the in-and-out swing, 
take the reading. 



Care of Micrometers 



Keep micrometers clean and lightly oiled. 
Make sure they are placed in a case or box when 
they are not in use. Anvil faces must be 
protected from damage and must NOT be 
cleaned with emery cloth or other abrasive. 



SERVICING VALVES, VALVE 
MECHANISMS, AND CYLINDER 
HEADS 

When ^n , engine has been properly 
maintained and serviced, its first major repair 
job will normally involve the valves. A general 
procedure for servicing valves is described in 
Construction Mechanic 3 & 2. Here, you will get 
more detail on the servicing and troubleshooting 
of valves, valve mechanisms, and cylinder heads. 

VALVE TROUBLES 

Scjme of the common valve troubles that you 
may encounter in working with engines, and 
possible causes of these troubles are indicated 
below. 

1. Sticking valves may be caused by gum or 
carbon deposits, worn valve guides, a warped 
valve stem, insufficient oil, cold engine 
^operation, or overheating. 

2. Valve burning may be caused by a valve 
that is sticking, insufficient valve tappet 
clearance, a distorted seat, overheated engine, 
lean fuel-air mixture, preignition, detonation, or 
valve seat leakage. 

3. Valve breakage may occur by valve 
overheating, detonation, excesS^e tappet 
clearance, seat eccentric to stem, cocked spring 
or retainer, or scratches on the stem due to 
improper cleaning. 

4. Valve face wear may be caused by 
excessive tappet clearance, dirt on the face, or 
distojlion. % 

5. Valve deposits may be produced by giim 
in the fuel, a rich fuel mixture, poor 
combustion, worn valve guides, dirty oil, or the 
use of a wrong oil. 

VALVE ADJUSTMENTS 

Proper and uniform valve adjustments are 
required for a smooth running engine. Unless 
the clearance between valve stems and rocker 
arms or valve lifters is adjusted, in accordance 
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with the manufacturers specifications, the 
valves will not open or clbse at the proper time 
and engine performance will be affected. Too 
great a clearance will cause the valves to open 
late. Excessive clearance may also prevent a 
Valve from opening far enough and long enough 
to admit a full charge of air or fuel mixture (with 
either a diesel or gasoline engine), or it will 
prevent the escape of some exhaust gases from 
the cylinder. A reduced .charge in the cylinder 
obviously tesults in engine power loss. Exhaust 
gases that remain in the. cylinder take up spai^y' 
and when 'combined with the incoming charge, 
they reduce the effectiveness of the mixture^ 
Valves adjusted with too little clearance will 
overheat and warp. Warped valves can NOT 
seat properly and will permit the escaping 
combustion flame to burn both the valve and 
valve seat. 

When you have reassembled an engine after 
reconditioning the valves, make sure the 
adjusting screws are backed off before rotating 
the engine. A valve that is too tighKcould strfke 
the piston and either damage the piston or the 
valve, or both. Adjust th^ valves in accordance 
with the manufacturer's ^specifications, 
following recommended procedure. 

On any engine where valve adjustments have 
been 'made, be sure the adjustment flocks are 
tight, and that the valve mechanism covers and 
gaskets art in place and securely fastened to 
prevent oil leaks, } 
* / 

Overhead Valves * • 

Most overhead valves are adjusted "hot"; 
that is, valve clearance recommendations are 
given for an engine at operating temperatures. 
Before valve adjustments can be properly 
effected, the engine must be run and brought up 
to normal operating temperature. 

To adjust a valv«, remove the valve cover 
and measure the clearance between the valve 
stem and the rocker arm. Loosen the locknut 
and turn the adjusfing screw in the rocker arm as 
shown in figuj-e 5-22. On engines with steel- 
supported rocker arms, the adjustment is made 
by turning the studnut. 




* 2.475 
Figure 5-22.— Adjusting overhead valves* 



Valves in Bfock 

Valves within the block are generally 
adjured "cold"; that is, recommended valve 
clearances are given for a cold engine., These 
valves have mechanisms very much llk€ 
overhead valves and are adjusted by removing 
the side plates, usually found beneath the intake 
manifold on (Ke side of the engine block (fig. 
5-£3). Since this engine must \?c stopped to 
adjust the valves, the piston in the cylinder to be 
adjusted must be on TDC of the compression 
strojee. This can be determined by watching the 
valves of the piston -thai is, paired with the one 
that is being set. As the cylinder that is being 
positioned is coming up on the compression 
stroke, the paired cylinder will be coming up on 
the exhaust stroke. Therefore, an exhaust valve 
will be open. Just as the exhaust valve closes and 
the intake valve begins to open, the cylinder thtat 
is ho be set will be on TDC of the compression 
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c Figure 5-23.— Adjusting valve in block. 



stroke and the two valves can be set. Once 
number one cylinder is positioned, follow 
« through according to the firing order of the 
engine, as this makes the job much easier and 
faster. This procedure may also be -used when 
valves on overhead valve engines are being 
adjusted.. 

Hydraulically Operated Valves 

On engines equipped with hydraulic valve 
-lifters .(fig- 5-24), it is not generally necessary to 
adjust the valves periodically. The engine 
lubrication system supplies a flow of oil to the 
lifters at all times. These hydraulic lifters operate 
at zero clearance and compensate fbr changes in 
enghjjb temperature, adapt automatically for 
minor wear at various points, and thus orovide 
ideal valve timing. 

The first indication of a faulty hydraulic 
valve lifter is "clicking" noise. In one method 
for locating a noisy valve lifter, you use a piece 
of garden hose. Place one end of the hose neat 
the end of each intake and exhaust valve, and 
the other end of the hose to the ear.] This 
localizes the sound, making it easy to determine 
which lifter is at fault. Another method is to 
place a finger on the face of the valve spring 
retainer. If the lifter is not functioning properly, 
a distinct shock will be felt when the valve 
returns to its seat. 

Usually, where noise exists in one or more of 
the valve lifters, all lifter units should be 
removed, cleaned in a solvent, reassembled, and ; 
reinstalled in the engine. lM|rt, carbon, or the 
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Figure 5-24.— Hydraulic valve lifter. 
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like, is found in one unit, it more than likely is 
present in all of them; and, it will only be a 
matter of time before the rest of the lifter units 
will give trouble. 

VALVE REMOVAL 

For such services as valve or valve seat 
grinding, valve seat insert replacement, and 
valve guide cleaning or replacement, the cylinder 
head and valves must be removed from the 
engine. Avoid interchanging valves; each valve 
Tnust be replaced in the valve port from Which it 
was removed. A valve rack in which the valves 
may be placed in their proper order — along with 
their valve springs, retainers, and locks— is 
normally provided? Different tools and 
procedures for removal are used for different 
engines. Check the manufacturers maintenance 
manual for your particular engine. 

GRINDING VALVES 

The first step in servicing valves after they 
have been removed from the engine is tq rid 
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them of carbon. The best method for doing this 
is cleaning with a wire buffing wheel or brush. 

CAUTION! When using the wirfc buffing 
wheel, always wear goggles to protect yoyreyes 
from wire or carbon that may fly off the buffing 
wheel. 

After the cleaning process, inspect each valve 
to determine whether it can be serviced and 
reused tir must be replaced. The valve should be 
checked Iwith a runout gage for eccentricity and 
inspected for worn valve stem and badly 
cracked, burned, or pitted valve face. Minor 
pits, burns, or irregularities in the valve face may 
be removed by grinding. 

To grind valves, clamp the valve stem in the 
chuck of the valve-refacing machine so thaUhe 
face of the valve will contact the grinding wheel. 
(See fig. 5-25.) Set the chuck at the proper angle 
to give the corrupt angle to the setting face. This 
angle must jtast match the valve seat angle. It is 
becoming common, however, in some engines *to 
reface the valve at a slightly flatter ahgle than the 
seat, usually 1/4° to 1 0 to provide what is known 
as an "interference angle." This angle provides 
greater pressure at the upper edge of the valve 
seat which aids in cutting through any deposits 
that form and provides for better sealing. Some 
engines use the interference angle on the exhaust 
valve only, and others use it on both the intake 
and exhaust valves. Check the manufacturer's 
manual for the recommended angle for both 
valve and valve seat. 



VALVE IN CHUCK 



MINDING WHEEL 




CAUTION: Due to the different angles 
between the valve and the valve seat, grinding 
compound can NOT be used to finish the 
surface. 

• At the start of the grinding operation, make 
the first cut a light one. If metal is removed from 
only one-third or one-half of the valve face, 
check to make sure you have cleaned the valve 
stem and grinder chuck thoroughly and centered 
the valve in the chuck. If the valve is properly 
centered, then the valve stem is bent and the 
valve must be replaced. Remove only the 
amount of metal necessary to true up the face 
and remove the pits. Make sure there is a proper 
margin of thickness as indicated in figure 5-26. 
If this margin cannot be retained after refacing, 
then the valve must be discarded. 

There are many different makes knd models 
of valve-refacing machines. Make sure that you 
read andAinderstand the instructions that apply 
to the machine you are using. 

SERVICING VALVE GUIDES 

When servicing valve guides, remember that 
the guides must be clean and in good condition 
for normal valve seating. ,If, after cleaning a 
valve guide, you find it worn, remove and in«all 
a new one. To remove old or worn valve guides 
and install new ones, special guide removing and 
replacing tools are required. One procedure for 
checking valve guide wear in an engine involves 
the use of a dtyl indicator (fig. 5-27). With the 



ORIGINAL 



REFACED 




IF AREA A IS LESS THAN 50% OF ORIGINAL, 
0ISCAR0 VALVE 



Figure 5-25.— Valve-ref icing machine. 
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81.9 Figure 5-26.— Proper valve margin of thickness after 

refacing. 
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Figure 5-27.— Determining concentricity of the vtlve seat 
with a dial indicator. 

valve in place, turn the engine over so that the 
valve is moved off its seat. Install the dial 
indicator on the block with the indicating button 
touching the edge of the valve head. Move the 
v#Jve sideways to determine the amount of wear. 
Almost the same procedure may be used on an 
I-hlad engine, except that the valve must be held 
off its seat while the guide is checked for wear. 
' Another checking procedure involves the use 
of a small hole gage to measure the inside 
diameter of the guide and a micrometer to 
measure the valve stem; the difference in the 
readings will be the clearance. When the 
maximum clearance is exceeded, the valve guide 
needs further servicing before tyou can proceed. 
If of the integral type, the valvS guide must be 
reamed to a larger size and a valve with an 
oversized stem installed. But if the guide is 
replaceable, it should be removed and another 
one installed. 

To remove valve guides you will need a 
special puller. On many L-head engines the 



guides may be driven down into the valve spring 
compartment and then removed. When guides 
are removed from overhead type engines/ an 
arbor press may be used. 

To replace the guides, you will use a valve 
guide driver or a valve guide replacer, except on 
overhead valve engines where an arbor press is 
necessary. In any case, the guides must be 
installed to the proper depth in either the block 
or head as specified by the manufacturer. 

After the valve guides are serviced and the 
valve seats ground, check the concgntricity of 
the two with a dial indicator. (See fig. 5-27,) Any 
irregularity in the seat will register on the dial. 

GRINDING VALVE SEATS 

Two general types of valve seat grinders are 
in use. One is a concentric grinder, the other an 
eccentric grinder. Ohly the concentric grinder is 
discussed here bemuse of its greater availability. 

In the concentric valve seat grinder (fig. 
5-28), a grinding stone.of the proper shape and 
angle is rotated in the valve seat. The stone is 
kept concentric with the valve guide by means of 
a self-centering pilot (fig. 5-29) which is installed 
in the guide. Check the self-centering pilot for 
trueness prior to using* A damaged pilot will 
cause the seat position to move in relation to t*re 
valve guide. The valve guide must be kept clean 
and in good condition. Most of the Navy's 
concentric grinders automatically lift the stone 
off the valve seat about once every revolution to 
allow the stone to clean itself of dust and grit by 
ifugal action. 

The abrasive stone must be dressed 
frequently with a diamotid-tipped dressing tool, 
such as that illustrated in figure 5-30. Dressing 
the stone will insure a uniform, even grinding of- 
the valve seat. 

After the seat is ground, it will be too wide. 
It must be narrowed by using upper and lower 
grinding stones to grind away the upper and 
lower edges of the seat* Figure 5-31 shows a 
typical valve seat that was ground at 45°, then 
narrowed at the top with a 20° grinding stone, 



5-25* 



1 "4 



4 tf 



CONSTRUCTION MECHANIC 1 & C 




2.479 

Figure 5-23. — Grinding valve seats using a concentric type 
of grinder. 





Figure 5-30.— Stone dresser. 
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Figure 5-31.— Valve contact correction. 
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figure 5-29.— Self-centering pilot. 
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and then ground at the bottom with a 70° 
•grinding stone' to narrow and center the valve 
seat. * 

To test the contact between the valve seat 
and the valve, mark lines with a soft pencil 



about one-fourth inch apart around the entire 
face of the valve. Next, put the valve in place 
and rotate, using a slight pressure, one-half turn 
to the right and then\pne-half turn to the left. If 
rotating removes the pencil marks, the seating is 
good. 

In another method- for .checking the valve 
seating, the valve face is coated lightly with 
Prussian blue and turned about one-fourth turn 
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in the seat. If the Prussian blue transfers evenly 
to the valve seat, it is concentric with the v^lve 
guide. All the Prussian blue should be washed 
from the seat and valve. The valve seat should 
then be lightly coated with Prussian blue. If the 
blue again transfers evenly, this time to the valve 
when it is turned in the seat, the seating can be 
considered normal, 

REPLACING VALVE 
SEAT INSERTS 

/ 

Some engines are equipped with valve seat 
inserts that may be replaced when they are badly 



worn or burned, or have been ground down to 
where insufficient metal remains to permit 
anotjjer grind. The old valve seat may be 
removed fry fcsing a special puller such as the one 
shown in figure 5-32. However, if a puller is not 
available* you can punchmark each side of the 
insert and then drill almost through. After 
drilling, take a hammer and chisel and break the 
insert into halves for easy removal. - 

Before installing a new insert, chill it for 15 
minutes in dry ice or by any other chilling 
method. Chilling shrinks the insert so that it will 
fit in place. It may then be driven in place and 
tlie seat ground. 




A. Insert, Valve Seat 

B. Guide, pxhaust Valve 

C. CyHnder Head 

D. Collet 



E. Handle, Collet 

F. T Handle 

G. Bar, Drive 



ERIC 



c 



Figure 5-32.— Puller used in removing valve sett inserts. 
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SERVICING ROCKER ARMS 

After removing rocker arms, inspect them 
for wear or damage. Rocker arms which are 
Equipped with bushings may be rebushed if the 
Old bushing is only worn. As you know, the 
worn valve on slightly worn rocker arm ends can 
be ground down on a valve-refacing machine, 
whereas excessively worn rocker arms should be 
discarded. ^ 

When installing rocker arms and shafts in the 
cylinder head, make sure that the oil holes (in 
shafts so equipped) are on the underside so that 
they will feed oil to the rocker arms. If springs 
and rocker arms are suitable for continued use, 
they should be reinstalled in their original 
positions in the head. 

TESTING VALVE SPRINGS 

Valve springs should be tested for uniform 
height and proper tension. To test for 
uniformity of height, place the used springs on a 
level surface beside a new pair of springs. Use a 
straightedge to determine any .differences in 
height. Unequal or cocked valve springs may 
cause faulty valve and engine performance. 

The preferred method of testing valve 
springs for proper tension is by using a valve 
spring tester. The pressure required to compress 
the spring to the proper length is measured in 
accordance with j the manufacturer's 
specifications. # Never use shims to compensate 
for a weak valve spring. Shims are used to adjust 
spring installed height only. 

SERVICING VALVE LIFTERS 

There are two types of valve lifters— the solid 
type and the hydraulic type. Procedures for 
Removing and servicing the two types are quite 
different.. 

Solid lifters are removed from the camshaft 
side on some engines. This requires removal of 
the camshaft. The lifters must be held up by 
clips or wires so that the camshaft can be 
extracted. Then the clips or wires are removed so 
that the lifters may be extracted. Most valve 



lifters may be extracted from the pushrod or 
valve side of the engine block, in which case 
extraction of the camshaft is not necessary. Be 
sure to keep the lifters in the proper order so that 
they may be replaced in the same bores from 
which they were removed. 

/* If the lifter-screw>ace is worn or pitted, it 
may be refaced on a valve-refacing machine. If 
the lifter bdre in the block becomes worn, it may 
be rebored by reaming; then oversized lifters 
must be installed. 

Hydraulic lifters on some engines are tested 
by the leak down rate test. In testing, insert a 
feeler gage between the rocker arm and the valve 
stem, and note the time it takes the valve lifter to 
leak enough oil to permit the valvato seat. As 
the valve seats, the feeler gage becomes loose 
and signals the end of the test If the leak down 
rate time is too short, the lifter is defective and 
must be replaced. In any case, be sure to follow 
the manufacturer's ^commended procedures 
for performing this tes^. 

To remove hydraulic lifters, remove the 
pushrod. On engines with shaft-mounted rocker 
arms, the rocker arm may be moved by 
compressing the spring so that the pushrod can 
be removed. Thu^ the rocker arm assembly does 
NOT have to be removed. 

After the lifter has been removed, check the 
bottom or cam side to insure that it is flat. To do 
this, place a straightedge across the lifter 
bottom. If light can be seen between the 
straightedge and the lifter, the lifter should be 
discarded. 

When you dissassemble the lifter, be sure to 
clean all parts in a cleaning solvent. Reassemble 
and fill the lifter with clean, light engine oil. 
Also, make sure that all lifters are replaced in the 
same bore from which they were removed. Work 
on one. lifter at a time so that parts are not mixed 
between lifters. 

CHECKING THE CAMSHAFT 

The camshaft must be checked for bearing- 
journal or cam wear and alinement. In checking 
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alincment, place the camshaft in a set of 
V-blocks, and use a dial indicator to check the 
runout of the journals when the shaft is turned. 
Journals should be checked with a micrometer 
and the reading compared to the manufacturer's 
specifications. The cam wear should be 
measured with a micrometer; however, if wear 
shows across the full face of the cam, you can be 
almost certain that excessive weaF has taken 
place. 

REPLACING CAMSHAFT BEARINGS 

When camshaft bearings are worn or .show 
excessive clearance, they should be replaced. 
Special tools are required to remove and replace 
cam bearings. When installing new bearings, be 
sure that the oil holes are alined with those in the 
block. Make sure v also, that new bearings are 
staked in the block if the old bearings were 
staked. On some engines which do not use 
precision-insert bearings, line reaming of the 
bearings is required after they have been 
installed. 

TIMING THE VALVES 

The relationship between the camshaft and 
crankshaft determines the valve timing. 
Sprockets and chains are used to open and close 
the valves in relation to the position of the 
pistons in the cylinders. 

The gears or sprockets, as the case may be, 
of the camshaft and crankshaft are keyed in 
position so they cannot slip. Since they are keyed 
to their respective shafts they can be replaced if 
they become worn or noisy. 

With directly driven timing gears (fig. 5-33), 
one gear usually has a mark on two adjacent 
teeth and the other a mark on only one tooth. 
To time the valves properly, it is necessary to 
mesh the gears so that the two marked teeth of 
the one gear straddle the single marked tooth of 
the other gear. 

In chain-drivp sprockets, correct timing 
may be obtained oy having a certain number of 
chain link teeth between the marks, or by lining 
up the marks with a straightedge, as shown in 



CAMSHAFT GEAR 




Figure 5-33.— Timing gears and their markings. 



81.69 




N 81.70 
Figure 5-34.— Methods of valve tfrning with a chain drive., 

\ 

figure 5-34. In the latter method, the position of 
the piston is determined by the markings on the 
flywheel. Some engines have timing marks on 
the crankshaft pulley if there is no opening 
provided in the flywheel housing. Always £heck 
the manufacturer's instructions when you are in 
doubt about the method of timing the engine 
you are overhauling. 



SERVICING THE CRANKSHAFT 
AND CYLINDERS - 

Most modern engkles have main and 
connecting rod bearings cnthe precision-insert 
type, which can be replaced without removing 
the crankshaft. However, if oil passages are 
blocked, journals are tapered out of round, or 
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the crankshaft is bent, simply replacing the 
bearings will not correct the trouble. 

If the bearings appear to have worn 
uniformly, probably the only requirements are 
crankshaft journal checks and bearing 
replacement. If bearing wear is uneven, then the 
safest procedure is to remove the crankshaft 
from the engine and check it. s 

CHECKING CRANKSHAFT 
JOURNALS AND BEARINGS 

There are two methods of measuring 
crankshaft journals. One method requires the 
use of a bridge gage of the type shown in figure 
5-35, the other method requires an outside 
micrometer. Regardless of the method used, 
take several measurements along the journal to 
„ check for taper. Also, rotate the crankshaft one- 
quarter or one-eighth turn at a time so 
additional measurements can be taken to check 
out of round wear. Journals that are tapered or 
out of round by more than 0.003 inch must be 
reground. 

REMOVING BEARING CAPS 

When removing bearing caps, make sure to 
mark them so they c&n be replaced on the same 



journals from which removed. If the bearing 
caps stick, carefully work them loose to avoid 
distorting them. When a bearing cap puller is 
used, the puller bolt is screwed into the oil- 
coupling bore hole of the journal, allowing the 
cap to be removed. Another method of 
removing the bearing cap is to work it loose by 
tapping the cap lightly on one side and then the 
other side with a brass hammer. 

CHECKING BEARING FIT 

Bearing fit or oil clearance should always be 
checked when new bearings are installed. When 
the bearing caps are off, the journals should be 
measured so that wear, out of roundness, or 
taper can be detected. 

Bearing clearance can be checked either with 
feeler stock or Plastigage. Plastigage is a plastic 
material that is flattened by pressure. The 
amount it flattens indicates the amount of 
clearance. 

Before checking bearing clearance with 
Plastigage, wipe the journal and the bearing 
clean of oil. Then place a strip of the Plastigage 
lengthwise in the center of the bearing cap (fig. 
5-36). Install the cap next and tighten into place. 



CRANKSHAFT 



CRANKSHAFT 
BRIDGE CAGE 



CYLINDER 6L0CK 




CRANKSHAFT 
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PLACE PLASTIGAGE CHECK WIDTH OF PLASTIGAGE 

FULL WIDTH OF BEARING 

CLEARANCE 




INSTALLING 
PLASTIGAGE 




MEASURING 
PLASTIGAGE 



Figure 5-35.— Crankshaft bridge gage. 
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, Figure 5-36.— Checking bearing clearance with Plastigage. 



ERLC 



5-30 jo f| 



Chapter S— ENGINE OVERHAUL 



When the cap is removed, the amount of 
flattening of the strip can be measured with a^ 
special scale (fig. 5-36). The flattened strip 
should NOT be removed from the cap or the 
journal to measure the width, hut it should be 
measured in place, as shown in figure 5-36. Not 
only does the amount of flattening measure 
bearing clearance, but uneven flattering alscy 
indicates a tapered or worn crankshaft journal 
or bearing. 

CAUTION: Do not turn the crankshaft with 
the Plastigage in place. 

When feeler stock is used to check main 
bearing clearances, a piece of stock of the 
correct size and thickness should be placed in the 
bearing cap after it is removed. The feeler stock 
should be coated lightly with oitSThe bearing^ 
cap should then be replaced and tightened. J$ote~ 
the ease with which the crankshaft can be 
turned. As a word of caution, do not completely 
rotate the engine, which could damage the^ 
bearing. Turn it only about an inch in orfe 
direction or the other. / 

If the . crankshaft is locked or 4rags 
noticeably after the bearing cap has been 
replaced and tightened, then bearing clearance is 
less than the thickness of the feeler stock. If it 
does not tighten or drag, place an additional 
thickness of feeler stock on top of the first and 
again check the ease of crankshaft movement. 
Clearance normally should be about .002 inch. 
Be sure to check the tagine manufacturer's shop 
manual for exact specifications. 4 



CYLINDER SERVICE 



CHECKING CRANKSHAFT 
END PLAY 

Crankshaft end play will become excessive if 
the thrust bearings are worn, producing a sharp, 
irregular knock. Jf the wear is considerable, the 
knock will occur each time the clutch is engaged 
or released; this action causes sudden Endwise 
movement of the crankshaft. Crankshaft end 
play should only be a few thousandths of an 
inch. To measure this end play, force the 
crankshaft endwise as far as possible by using a 
pry bar and then measure the clearance between 
the thrust bearing and the block with a feeler 
gage. 



There are certain limits to which cylinders 
may become tapered or out of round before they 
require refinishing. If they are only slightly out 
of round or have only a slight taper (consult the 
$ manufacturer's manual for the maximum 
allowable out of round or taper), new standard 
rings can be installed. Where the walls have 
some taper, but not enough to warrant the extra 
expense of a rebore or hone job, special 
compression and oil-control rings should be 
used. Such rings are called SEVERE, or 
DRASTIC, because of their ability to withstand 
higher ring pressures and to work under more 
severe operating conditions or against greater 
taper than standard rings. 
« 

When cylinder wear goes beyond the point 
recommended in the engine manufacturer's 
specifications, even the severe or drastic rings 
cannot hold compression and control oil; loss of 
compression, high oil consumption, poor 
performance, and heavy carbon accumulations 
in the cylinder will result. In such cases, the only 
way to put the engine back into good operSting 
condition is to refinish the cylinders and fit new 
pistons (or oversized pistons) and rings. 

CHECKING CYLINDER WXLLS 

As a first step in checking cylinder walls, 
wiprlhem clean and examine them carefully for 
scored places and spotty wear (which show$ up 
as dark, unpolished spots on the walls). Holding 
a light at the opposite end of the ^cylinder from 
the eye will help in the examination. If scores or 
spots are found, the cylinder walls should be 
refinished; even drastic rings will not give 
satisfactory performance on such walls. 

Next, measure the cylindefs for taper and 
oval wear. This can be done with an inside 
micrometer, a telescope gage and an outside 
micrometer, or by a special dial indicator, as 
shown in figure 5-37. As the dial indicator is 
moved up and down in the cylinder and turned 
from one position to another, any irreguJaHUes 
will cause the needle to move. This will Indicate 
how many thousandths of an inch the cylinder is 
out of round o^ tapered. 
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Figure 5-37.— Dial indicator for measuring cylinders. 



' The permissible amount of taper or out of 
roundness in a cylinder varies somewhat with 
different engines. Engine rtianufacturers issue 
recommendations based on experience with their ' 
own engine. When the recommendations are 
exceeded, the cylinders have to be refinished. 

REFINISHING CYLINDERS 

There are two methods of refinishing 
cylinders— honing and boring. Cyliiylers are 
refinished by honing when wear is not too great. 
Otherwise, they are bored with a machine and 
oversized pistons ,and rings installed. This 
machine consists of a boring bar and cutting tool ' 
^tl^t revolves. The procedures for mounting the 
ooring bar, setting the cutting tool, and 
operating the boring machine will vary among 
different makes of equipment. Consult the 
manufacturer's operating manual for the 
procedures recommended. 

In honing, two sets of stones, coarse and 
fine, are generally used along with honing oil or 



cutting fluid. If a lot of material must be 
removed, start with the coarse stones. You must 
leave sufficient material, however, so that the 
rough-honing marks can be removed with the 
fine stones. The final honed size must equal the 
size of the piston and rings to be installed. 

Occasionally, during the final honing stage, 
clean the cylinder walls and check the piston size 
to guard against the removal of too much 
material or honing the cylinder oversize. 

Honing is sometimes used to "break" or 
"crack" the glaze on cylinder walls when new 
rings are installed. The idea behind this is to 
remove the smooth glaze that has formed on the 
cylinder walls, thus giving the new rjngs a chance 
to set quickly. 



SERVICING PISTONS 
AND RINGS 

When service is required on pistons and 
rings, they must first be removed from the 
engine. Where removal is to be from the top of 
the cylinder block, take the cylinder head off 
and examine the cylinder for wear. If the 
cylinder is worn, there will be a ridge at tjie 
upper limit of the top ring* travel. Remove this 
ridge. If not removed, it will damage the piston 
and rings as they are forced out of the top of the 
cylinder. 

To remove this ridge use a reamer of the type 
shown in figure 5-38. Before placing the {idge 
reamer in the cylinder, be sure the piston has 
been placed at BDC. Stuff rags into the cylinder 
, to protect the piston and piston riBgs from metal 
shavtngs^uring the reaming operation. Be sure 
to adjust the cutters to the correct depth of cut. 
Check the manufacturer's specifications for the 
recommended amount of metal, "take the rags 
from the cylinder and wipe the cylinder wall 
clean. Repeat the reaming operation for other 
cylinders where necessary. 

Before the connecting rods can be detached „ 
from the crankshaft, the oil pan must be 
removed. With the cylinder head and oil pan 
off, crank the engine so that the piston of the 
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Figure 5-38. — Ridge reamer. 



No. 1 cylinder is near BDC. Examine the piston 
rod and rod cap for identifying marks, and, if 
none can be seen, mark them with numbering 
dies to insure replacing them in the same 
cylinders from which removed. Remove the rod 
nuts and cap with a wrench, and slide the rod 
and piston assembly up into the cylinder away 
from the crankshaft. After all piston and picton 
rod assemblies have been detached, they may be 
removed from the tops of the cylinders. It will be 
necessary to turn the crankshaft as you go from 
one cylinder to the next to detach the piston 
Tods. ' 

• CLEANING PISTONS 

After you have removed the piston rings, the 
piston should be .cleaned inside and out. 
Examine the piston to determine whether it can 
be re-installed in the engine. Even if the old 
piston is in good condition, a new rjjston may be 
required if the cylinder into which the piston fits 
is so worn that it must be bored to a larger 
diameter. Oversized pistons are installed in 
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cylinders that are bored. When a piston is being 
cleaned, accumulations of carbon should be 
scraped from the head and from inside the 
piston. Do not scrape the sides or skirts of the 
piston; since this may scratch the finish and 
cause excessive cylinder wall wear. Use a ring- 
groove cleaner to remove built-up carbon from 
the ring grooves. When pulling this cleaner 
through the groove, remove only the carbon; do 
not remove any of the metal, * \f 

FITTING PISTONS 

After a piston has been cleaned, it should be 
measured with an outside micrometer. The 
measurements must be taken in various places to 
determine whether the piston is excessively worn 
or collapsed. Compare the measurements \Vith 
those of the cylinder to determine if correct 
clearance exist. Consult the engine 
manufacturer's maintenance manual for details 
of measurements and allowable clearances, as 
well as for maximum allowable piston and 
cylinder wall taper. Most of the pistons you will 
r encounter will be of the cam-ground type. This 
type is not round when cold, but slightly * 
elliptical in shape. On this type of piston, taper 
is measured over the largest dimension which is 
perpendicular to the piston-pin holes. ♦ 

The fit of the piston in the cylinder must be 
accurately determined. This fit can be measured 
with a piece of feeler stock of the proper 
thickness and a spring gage. The piston is 
inserted into thccylinder upside down with the 
feeler stock (lightly oiled) placed at right angles 
to, and 90° from, the piston-pin holes. (See fig. 
5-39.) The fit is measured at the point of greatest 
piston size. Check the amount of force required 
to pull out the feeler stock on the spring gage. If 
the feeler stock pulls out too easily, the fit is too 
loose. If it pulls out too hard, the fit is too tight." ^ 
Check the manufacturer's maintenance manual 
for the correct amount of clearance. 

FITTING PISTON PINS 

If the piston-pin bushings are worn, they 
should be reamed or honed oversize and oversize 
pins installed. The pins should also be replaced 
if they are worn, pitted, or otherwise defective. 
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A. Piston C. Thickness Ribbon 

B. Cylinder Sleeve and Spring Spale 
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Figure 5-39.— Checking piston fit in sleeve. 



Where the pin is of tlie type that floats, or 
turns in the piston-pin bushing, the fit is correct 
if the pin, will pass through with a light thumb 
pressure when the piston and the pin are at room 
tempefaturc. Where the pin is of the type that 
does NOT turn in the piston-pin bushing, the pin 
is forced in place under pressure. Check the 
maqfofacturer's maintenance . manual for the 
correct pressure. If the pressure is too low, the 
fit is too loose and will result in noise. Excessive 
pressure indicates that the fit is too tight and 
may fracture the piston-pin bosses. 

FITTING PISTON RINGS 

piston rings must be fitted to their cylinder 
and to their grooves on the piston. First, check 
the, gap or space between the ends of cfach ring. 
To do so, push a ring down into the cylinder 
with a piston, and measure the ring gap with a 
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Figure 5-40.— Measuring ring gap clearance in cylinder 
bore. 



feeler gage (fig. 5-40), If the ring gap is too 
small, try a slightly smaller ring, which will have 
a larger gap. If the cylinder is worn tapered, the 
diameter at the lower limit of ring travel {in the 
assembled engine) will be smaller than the- 
diameter at the top: In this type of cylinder, the 
ring must be fitted to the diameter at the lowe* 
limit of ring travel. If fitted to the upper part of 
the cylinder, the ring gap will NOT be great 
enough as the ring is moved down to its lower 




Figure 5-41.- 
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-Checking ring groove fide clearance. 
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limit of travel. This means that the ring ends will 
come together and the ring will be broken or the 
cylinder walls scuffed. In tapered cylinders,, 
make sure that the ring' fits the cylinder at the 
point of minimum diameter, or at the lower limit 
of ring travel. 

After the ring gap has been^corrected, the 
ring should be installed in the proper ring groove 
on the piston and rolled around in the ring 



groove to be sure that the ring has a free fit 
around the entire circumference of the piston. 
Aa excessively tight fit means the ring groove is 
dirty and should be cleaned. After the rings are- 
installed in the ring groove^ test each ring for 
clearance by inserting a feeler gage between the 
ring and the side of the rmg groove, as shown in 
figure 541. Check the manufacturer's repair 
manual for proper clearance. If it is excessive, 
the piston should be replaced. 
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ELECTRICAL SYSTEMS AND EQUIPMENT 



In the early days of th^ automobile, only its 
ignition system depended on electricity for 
operation. In today's automobile, electricity 
operates the ignition, lighting, and starting 
systems .as well as many accessories, such as 
heating and ventilating fans, control units on 
automatic transmissions and overdrives, choke 
controls, emission controls, radios, cigarette 
lighters, and air-conditioners. Even^heavy con- 
struction 'equipment depends on electricity for 
operating its starting systems and accessories. 

Storage batteries, generators, regulators, and 
other units are required to provide an adequate 
source of electrical current for construction and 
automotive equipment. The Construction 
Mechanic is responsible for maintaining the 
parts and units of the electrically operated 
systems and accessories on this equipment. Elec- 
trical repairs and adjustments, .however, are 
special tasks that require the know-how of an ex- 
pert— :a person trained for this kind of work. In 
other words, an automotive electrician. 

As a CM1 or. CMC, you .will supervise the 
mechanics who perform these special tasks. In 
an emergency, you may have to perform them 
yourself. To do so in the shop or gafage, you 
need automotive electrical testing equipment. In 
' troubleshooting .batteries and generators, for ex- 
ample, you will save time and reduce damage to 
equipment by using ammeters and voltmeters in- 
stead of hit-and-miss methods. 

Another special task for the automotive elec- 
trician is maintaining the shielding components 
ih a built-in system for reducing interference 
with radio reception. The sources of this in- 
terference are the ignition and battery charging 
circuits. However, no special handtools are re- 
quired to maintain these factory-installed com- 
ponents. , 



All units in an automotive electrical systehi 
operate on the few basic principles that are 
described in this chapter. You can find more on , 
automotive electricity in Construction Mechanic 
3& 2. Included in this chapter are the techniques 
jof troubleshooting the charging, cranking, and 
ignition systems and their units. 

A.C. ELECTRICAL SYSTEMS 

The output requirements of automotive elec- 
trical generators have increased considerably in 
recent yeafs because of the growing popularity 
of current-consuming electrical accessories, such 
as two-way radios and radio-telephones for 
communications, heavy-duty heaters, and air- 
conditioners. - . 

To build a conventional d.c. generator that 
would produce the required amount of electric • 
ity at both high- and low-speed ranges would 
mean an increase in size, thereby limiting ap- 
plication. An a.c. generator (ALTERNATOR) 
has been developed that can be used with a rec- 
tifier bridge to produce enough current to fulfill 
almost any need over a speed range that varies 
from idle-to-top engine speed. 

ALTERNATORS 

Because of the small size of the alternator, it 
can be adapted to almost any application. It is 
mechanically constructed to withstand vibra- 
tions and top speeds met in normal service. 

A review of Construction Mechanic 3 & 2 
will show that the alternator and the conven- 
tional d.c. .generator operate on the s^me basic 
principles. The rotor assembly in the alternator 
does the same job as the field coil and pole shoe 
assembly in the d.c. generator. The stator 
assembly in an alternator has the same function 
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Y-CONNECTED 
STATOR 



DELTArCONNECTED 
STATOR 



Figure 6-1.— Types of alternator internal windings* 



as the armature in* a d.c. generator, while 
in fixed position. The stator may be either 
"Y" or delta connected to fit the application. 
(Sec fig. 6-1.) The delta-connected alternator 
would normally be found where lower voltage, 
but higher current is required. The 
"Y M -connected alternator provides higher 
voltage and moderate current. The device for 
converting alternating current to direct current is 
the rectifier bridge. The rectifier bridge may be 
mounted internally within the alternator casing, 
or it may be mounted externally. 

RECTIFIERS 

Rectifiers of various types are manufactured 
for many usel The most common type of 
externally mounted rectifier for automotive use 
is the magnesium-copper sulfide rectifier. 

A rectifier mounted within the generators 
the silicon-diode rectifier, such as the one shown 
in figure 6-2. An advantage of the silicon-diode 



rectifier is its small size, which permits it to be 
mounted internajjy within the casting of the 
alternator. The chemical composition of a diode 
enables current to flow through the diode in only 
one direction under normal conditions. 

In the automotive-t^pe alternator using 
silicon-diode rectifiers, six rectifiers are 
used— three positives and three negatives of the 
same construction, making a "full-wave bridge" 
rectifier. 

The markings on silicon diodes vary with the 
alternator model and manufacturer. Some 
diodes are plainly marked with a ( + ) or (-) sign 
to identify their polarity (fig. 6-2), Others are 
marked with black or red lettering. When 
identifying diodes, always refer to the 
manufacturer's specifications. 

REGULATORS 

As with the d.c. generator, some means must 
be provided to regulate the electrical output of 
an alternator. Normally, one of the' following 
types of regulators is used: the ekctromagpetic, 
the transistor, or the transistorized. 

^ The electromagnetic regulator is discussed in 
Construction Mechanic 3 & 2. A short 
description of the' transistor and transistorized 
regulators follows. 

The transistor regulator shown in figure 6-3 
is a Delco-Remy model. It has only two 
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terminals and no moving parts and limits the 
alternator voltage through the action of :wo 
v transistors working together. It performs dne 
^ function only— to control the alternator voltage 
a preset value. From the wiring diagram 
ihown in figure 6-4, the charging circuit consists 
If the alternator, regulator, battery, field relay, 
junction block, wiring, andeithgj^afl ammeter or 
indicator light. 

Voltage settings may be adjusted externally 
b> relocating a screw in the base of the regulator 



to make adjustments. The screw contacts the 
series of resistors and makes a connection to 
ground at the point of contact. Usually, voltage 
is adjusted internally by turning a slotted-head 
screw on the potentiometer which varies the 
connection, allowing for adjustments less than 
one volt. 

In some transistorized regulators, a single 
transistor works with a conventional voltage 
regulator unit containing a vibrating contact 
point to control the alternator field current and 



TRANSISTOR REGULATOR 



FIELD RELAY 




INDICATOR LIGHT 



IGNITION 
SWITCH 
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BATTERY 
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Figure 6-4.— Typical wiring diagram (transistor regulator). 
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thereby limit the alternator voltage to a preset 
value. 

The complete charging circuit, containing a 
four-terminal regulator consists of the 
alternator, regulator, battery, ignition switch, 
ammeter, and wiring as illustrated in figure 6-5. 

TRANSISTORIZED REGULATOR 

Li£yL!L!lliI__. transistor voltage reo 

J y— 




The alternator develops a.c. voltage in the stator 
windings and is rectified to a d.c. voltage that 
appears across the generator "BAT M terminal 
and the ground screw in the slipring end frame. 

When servicing or repairing a regulator, 
follow the manufacturer's service instructions 
for that specific make and model of regulator. 
Do not guess on how to repair and adjust 
regulators. 



TROUBLESHOOTING THE CHARGING 
SYSTEM WITH A VOLT-AMPERE 
TESTER 

Two types of vehicle charging systems are in - 
use today. One system is equipped with a d.c. 
generator, while the other is equipped with an 
a.c. generator or alternator. Both systems are 
tested in much the same manner. 

Field circuits are commonly classified as 
"A" and "B" circuits. The "A" circuit or 
externally grounded field, as shown in figure 
6-6, is connected to the armature terminal of the 
generator and is grounded outside the generator 
by the regulator contacts. In the "B" circuit, 
illustrated in figure 6-7, the ground is reached 
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Figure 6-6. — "A" circuit. 



SELF-RECTIFYING A.C. GENERATOR (ALTERNATOR) 
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Figure 6-5.— Charging circuit (transistorized regulator). ' 
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Figure 6-7.— "B" circuit. 
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internally, and the supply to the field is obtained 
via me-armature circuit of the regulator. Most 
alternators and some d.c. generators are "B" 
circuits. ' 

A d.c. generator depends upon its relatively 
permanent field pole piece magnetism for initial 
generator output. The polarity of this magnetic 
field determines the output polarity of the 
generator. A mismatched electrical system will 
cause early comppnent failure. A generator with 
no magnetic field can produce no output. 
Therefore, each time a generator is repaired, 
installed, inoperative for a period of time, or 
disconnected, it must be polarized. Do so by 
passing an electric current through the field 
winding in the proper direction BEFORE THE 
SYSTEM IS STARTED. 

To polarize an "A" CIRCUIT 
•GENERATOR at the generator,' ground the 
field and momentarily apply battery voltage 
to the armature terminal. To polarize at 
the regulator, momentarily apply a jumper lead 
from the armature terminal to the battery 
terminal. To polarize "B" CIRCUIT 
GENERATORS, you disconnect the FIELD 
circuit lead at the regulator and momentarily 
touch this lead to the regulator BATTERY 
terminal. 



REMEMBER: 
polarization. 



Alternators do not' require 



Various-instruments-can~be-used to locate 
problems in the charging system. The following 
sections describe troubleshooting as carried out 
wijji the volt-ampere tester (fi'g. 6-8). 

ALTERNATOR TEST 

An alternator output test is one of the first 
tests to be made with the volt-ampere tester. 
This test is madias follows: Disconnect the field 
wire at the alternator, and connect the tester's 
field lead (fig. 6-9) to the alternator's field 
terminal. Insure that the proper connector for 
the alternator being tested is used,. 

CAUTION: Do^OT allow the vehicle field 
wire to contact ground. 




/ 



1. Zero adjustment 

2. Load leads 

3. Load increase knob 

4. Load light 

5. Clamp-on ampere pickup 

6. Ammeter 

7. Ampere range knob 

8. Ampere zero set adjustment 

9. Voltmeter 

10. Volt range knob 

11. External volt leads ' 

12. Volt lead selector 

13. Field leads 

14. Field activation switch 



Figure 6-8. — Volts-ampere tester. 
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Start the engine and bring the rpm's up to the 
manufacturer's specifications. While observing 
the AMMETER scale for the highest current 
indicatiA adjust the load increase knob. The 
field actuation switch will be held "in the test 
position during this procedure. If the ammeter 
indication reads at the normal output (i or -) 
ten percent, the regulat or mu st be replaced. 
When the ammeter indicatfUJJads at low or no 
output, the alternator must be repaired or 
replaced. 
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Figure 6-9.— Alternator output test. 

V 



When a vehicle is equipped with an 
"A"-type field circuit generator and the 
"charging systenrfail?, ^enmrcrrTesris made: 

GENERATOR TEST 

A generator test is made by disconnecting the 
field at the generator and connecting the tester's 
field lead (fig. 6-10) to the generator field 
terminal. Do NOT allow the vehicle or tester 
field wires to contact ground. For the u B"-type 
field circuit generator, disconnect the field wire 
at the regulator and connect it to the armature 
terminal of the regulator. Start the vehicle 
engine and slowly increase speed as you observe 
the AMMETER scale for the highest ammeter 
reading. When the ammeter reads at the normal 



Figure 6-10. —Generator output test. 



2.513 



output, test the field lead of the wiring harness 
for an open circuit. If the field lead is okay, 
remove the regulator for testing, repair, or 
replacement, as required. When the ammeter 
reads at low output or normal voltage, the 
generator nl^ust be replaced or repaired. When 
the ammeter reads at no output or high voltage, 
^tnd the circuit is not fused at the regulator, th/ef 
regulator is removed for replacement or repair 
of its cutout relay. Also check the regulator 
ground. If the regulator is fused, bypass the fuse 
with a heavy jumper and observe the ammeter 
for output. An output at this point in your check 
indicates a blown fuse. 
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EXCESSIVE OUTPUT TEST 

Set the volt range knob to the correct voltage 
range and the volt lead selector to the EXT 
VOLTS position. Connect the black external 
volts lead to the generator armature terminal, 
and the red external volts lead to the generator 
frame or a good ground. While observing the 
VOLTMETER scale for the highest voltmeter 
reading, start the engine and slowly increase its 
speed. If the voltmeter reads less than 16 volts 
(12-volt system) or 8 volts (6-volt system), the 
regulator's current limiter relay is the reason 
for the high output. If the voltmeter reads more 
than 16 volts (12-volt system) or 8 volts (6-volt 
system), remove the FIELD wireat the regulator 
and observe the AMMETER scale. When the 
N^ammeter reading shows no output, you have a 
defective regulator which should be repaired or 
replaced. When the ammeter reading indicates a 
current flow, remove the field wire at the 
generator and observe the ammeter. If the 
ammeter reading then shows no output, you 
have a shorted field wire. Replace the field wire 
and connect the generator to the regulator. On 
the other hand, if the ammeter shows that 
current is flowing, then the generator has a 
grounded field. 

Another component of the vehicle charging 
system to be tested is the VOLTAGE 
REGULATOR. If the results of the test indicate 
that the voltage is too high or too low, a faulty 
regulator voltage limiter or a high-series 
resistance in the charging system could be 
caulmglhe trouMeTErratic or unstable voltage 
indicates ppor circuit electrical connections, 
faulty regulator contacts (burned or oxidized), 
or damaged regulator resistors. In any case, you 
should proceed with a charging system circuit 
resistance test. 

CHARGING SYSTEM CIRCUIT 
RESISTANCE TEST 

A charging system circuit resistance test is 
made to determine the voltage loss between the 
output terminal of the generator or alternator 
and the insulated battery post, and between the 
generator or alternator housing and battery 
ground post, respectively. These tests can be run 
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Figure 6-11.— Circuit resistance test. 



with any voltmeter having a small scale i.e., 3-5 
volts. Any voltage loss caused by high resistance 
in these circuits will reduce the overall charge 
rate and lead to eventual battery discharge. 

The external volts lead is connected to the 
generator armature terminal, as indicated in 
figure 6-11, when a generator is tested, and to 
the battery terminal when an alternator is tested. 

If a voltage loss exceeds the specified amount 
for the unit being tested, an excessive resistance 
is present within the charging system— that is, 
within the wiring har ness, c onnections, 
Teg^latorT ancT veHicle^am meter (if used). The 
excessive resistance might take the form of 
LOOSE or CORRODED CONNECTIONS at 
the output terminal of the generator or 
alternator, the armature terminal of the 
regulator, or the back of the ammeter or battery 
terminal of the starter solenoid battery cable 
connections. Excessive resistance can also be due 
to faulty wiring from generator to regulator, 
regulator to ammeter, or ammeter to starter 
solenoid; to burned or oxidized cutout relay 
contacts within the regulator; or to poor 
electrical connections between the generator or 
alternator and the engine. To isolate the point of 
excessive resistance, a charging system insulated 
circuit resistance test is made. 
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CHARGING SYSTEM INSULATED 
CIRCUIT RESISTANCE TEST 

A charging system insulated circuit resistance 
test is made by setting the volt range selector 
knob to the -0.3 to 3.0 volt scale position. When 
an alternator is tested, observe the polarity, and 
connect the external volts lead to the generator 
armature terminal or to the battery terminal. 
(See fig. 6-12.) Remember to reverse the external 




volts lead for positive ground systems. Start the 
engine and adjust its speed to approximately 
2,000 rpm. Then adjust the load increase knob 
until the AMMETER scale indicates a current of ^ 
20 amperes for d.c. systems, or 10 amperes for 
a.c. systems. Also observe the voltage reading 
on the (3-volt) VOLTMETER scale and 
compare it with the specifications for proper 
charging system operation, as required by the 
vehicle manufacturer. If the reading is within 
specification, you should proceed with a 
charging system ground circuit resistance test. 

CHARGING SYSTEM GROUND 
CIRCUIT RESISTANCE TEST 

Observing polarity, connect the external 
volts lead to the generator or alternator ground 
terminal. (See fig. 6-13.) Adjust the load 
increase knob until the ammeter scale indicates a 
current of 20 amperes for d.c. systems or 10 
amperes for a.c. systems. Also, observe the 
voltage reading on the (3-volt) VOLTMETER 
scale and compare it with the specifications for 
proper charging system operation, as required 
by the vehicle manufacturer. If the reading is 
within specifications, you should proceed with a 
regulator ground circuit resistance test. 

REGULATOR GROUND CIRCUIT 
RESISTANCE TEST 

Set the volt lead selector to the INT VOLTS 
position. Observing polarity, connect the 
external^olts-leadto4he~generator onaIternator_ 
ground terminal and to the regulator ground 
terminal. (See fig. 6-14.) Adjust the load 
increase knob until the AMMETER scale 
indicates a current of 10 amperes. Also observe 
the reading on the (3-volt) VOLTMETER scale 
and compare it with the specifications. If the 
voltmeter reading exceeds 0.1 volt, excessive 
resistance is in the ground circuit between the 
regulator and the generator or alternator. Check 
the regulator ground system for loose mounting 
bolts or a damaged ground strap. 

BATTERY DRAIN TEST 



2.515 This test is made to determine if there is a 

Figure 6-12.— insulated circuit resistance test. discharge current flowing when all accessories 
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Figure 6-13.=rGround circuit resistance test. 



ancflights are turned off. Any discharge at this 
time would indicate the presence of partially 
shorted or grounded wires, defective switches, 
or accessofies. This condition of discharge leads 
to a frequently^ rundown battery and starting 
failure complaints. Turn th£ vehicle ignition 
switch to OFF. Light? and accessories must be 
OFF and doors closed.' Observe the AMMETER 
scale. If the ammeter scale reads zero, there are 
no short or grounded circuit paths for current, 
in which case the electrical system is okay and all 

I 
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Figure 6-14.— Regulator ground circuit resistance test. 

tests are completed. If the ammeter scale reads 
other than zero r an electrical short ot grounded 
circuit exists if all the vehicle circuits are 
turned OFF. The short or grounded circuit may 
be found by isolating each circuit, one at a 
a time, until the ammeter reads zero. The last 
circuit isolated, as the ammeter returned to 
zero, is the defective one. Many circuits can be 
isolated by removing the circuit fuse from the 
fuse panel-, 

NOTE: At the conclusion of tests, return the 
engine to idle and stop it before disconnecting 
test leads. Reconnect the ground cable to the 
ground post of the battery and make sure all 
vehicle wires disconnect during the tests 
are once again securely and properly con- 
nected. 
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TROUBLESHOOTING THE 
ALTERNATOR USING THE 
ENGINE ANALYZER SCREEN 

Since the engine analyzer has been added to 
the Table of Allowances, mechanics and others 
assigned to the electrical repair shop will be able 
to troubles hoot alternators. This chapter 
includes gn explanation on how to use the 
analyzer (fig. 6-15) in testing the charging 
circuits of a vehicle. Patterns that appear on the 



screen of the analyzer indicate the alternator 
output and identify faults in the diodes of the 
alternator. ALWAYS refer to the manufac- 
turer's manual for the analyzer and the unit 
being tested before making connections. 

CHARGING CIRCUIT DIODES 

When an alternator produces fully, each of 
its diodes conducts an equal share of the current. 




1. Vollmeler-CO 

2. Tachometer-Ohm 

3. Test Selector 

4. Special Ignition 

5. Engine Selector 

6. Primary load "ON" indicator 

7. Cylinder selector and kill 

8. Boom 

9. Boom collar 



10. Screen-viewing area 

11. Timing light 

12. Hanger J 

13. Ohm leads and special test 

14. Sweep selector 

15. Pattern selector 

16. Current Probe 

17. On-Off 

18. Timing-Amp-Dwell 

19. Vacuum Gage 



Figure 6-15. — Engine analyzer. 
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be bypassed "altogether and -battery voltage 
applied to the field terminal of the alternator. 
Not all alternators can be full fielded. Refer to 
the manufacturer's field test procedure. 

BYPASS PROCEDURE 



1MS/DI V 

r/Div e cyl 



1VDI V I CYL 



Figure 6-16. -Ripple pattern of the alternator output. 



This condition is indicated by a ripple pattern 
that appears on the screen of the engine 
analyzer. (See figure 6-16.) But a single 
nonconducting diode places a strain on the 
charging circuit which causes a decrease in the 
output of the alternator. Whereas an ammeter 
or voltmeter may not detect this strain, the 
analyzer can do so easily. The strain brought on 
by an open field condition, for example, will 
stop the alternator output ripple entirely. See the 
screen display of figure 6-17. 



The first step in the procedure for bypassing 
the voltage regulator is turning OFF the engine. 
Next disconnect the regulator and place a 
jumper wire between the positive ( + ) battery 
terminal and the field terminal of the alternator. 
Or you can use the bypass adapter hooked up as 
shown in figure 6-18/ Again start the engine and 
slowly increase its speed until the rated 
alternator output is reached. DO NOT RUN 
THE ENGINE FOR MORE THAN 20 
SECONDS. 

If the ripple pattern now appears on the 
screen of the engine analyzer, the regulator is 
faulty. No change in the screen pattern means 
the alternator or output wiring is at fault. Stop 
the engine, disconnect the jumper wire or bypass 
adapter, and reconnect the voltage regulator. 

OPEN AND SHORTED DIODES 



A likely result of decreased alternator output 
is an undercharged battery. And without a fully 
charged battery, there may not be enough 
current available to start the engine or meet the 
demands of the electrical circuits. When a good 
battery cannot be fully charged, the fault is 
usually in the alternator or voltage regulator." 
The engine analyzer can help you determine 
whk^i is at fault. However, the regulator has to 



1MS/DI V 



T/DIV • CYL 



\ 



A shorted diode or shorted winding wil} 
usually burn itself open. The pattern on the 
screen will show a shorted diode (fig. 6-19) or 
open diode (fig. 6-20). Notice the similarity in 
the patterns. At any rate, the alternator will 
require service or replacement even though both 
output current and voltage regulation appear to 
be acceptable. As a general rule, a shorted diode 




Figure 6-17.— Open field stops the ripple. 



Figure ^-18.— Bypass adapter. 
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Figure 6-19.— Shorted diode pattern. 



Figure 6-2J.— Poor diode pattern. 
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Figure 6-20.— Open diode pattern. 



affects the output more than an open diode 
does. It not only reduces the -output but also 
opposes the next pulse by allowing the current to 
flow back through the winding containing the 
shorted diode. 



SHORTED WINDINGS 

Shorted windings and shorted diodes will 
produce similar screen patterns since the defect 
is the same, depending on the location of the 
short. Compare figures 6-19 and 6-22. The 
alternator test screen patterns shown are for 
diagnosis only; therefore, the alternator must be 
removed to locate the "defective internal 
component. Now, it is a matter of verifying the 
problem with simple ohmmeter tests or by 
replacing defective components. * 



TROUBLESHOOTING THE 
CRANKING SYSTEM USING 
THE BATTERY STARTER TEST 

To determine whether a b^tery is fit for 
service, cranking system tests are perfogned 



WEAK DIODES 

As you can see from the screen pattern in 
figure 6-21, there is no interruption in the 
rectification of the diodes. However, there is a 
high and low p^ak every sixth pulse, indicating 
that the output of one diode is low and that it 
may be deteriorating (high resistance). This 
patterq may also occur due to a shorted winding 
since the number of windings determines the 
amount of output as well as the condition 
(resistance) of the diodes. 
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Figure 6-22.— Shorlcd winding pattern. 
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Figure 6-23.— Cranking voltage (est. 



with a battery starter tester, model BST, a^ 
illustrated in figure 6-23. This tester, made by 
Sun Electric Corporation, is designed to test 
only batteries and starting systems of vehicles 
using 6-, 12-, 24-, or 32-volt systems. 

CRANKING VOLTAGE TEST 

4 

In testing the cranking voltage in a 6-, 12-, or 
24-volt series System, connect the tester's 
voltmeter leads as shown in figure 6-23. Observe 
the polarity as you make the connections. Turn 
the voltmeter selector switch to. 8 volts for a 
6- volt system, 16 volts for a 12-vOlt system, or 40 
volts for a 24-volt system. When a vehicle is 
equipped with' a 24-volt series parallel system, 
the voltmeter leads are attached to the two 
terminals on the starting nwtor. Before cranking 
the engine with the ignition switch ON, connect 
a jumper from the secondary terminal of the coil * 
to ground to prevent the engine from starting 
while testing. While-cranking, observe both the 



voltmeter rfeading and cranking speed. The 
starter should crank the engine evenly, and at a 
good rate of speed, with a voltmeter reading as 
follows (UNLESS OTHERWISE SPECIFIED): 

4.8 volts or more for a 6-volt system. 
9.6 volts or more for a 12-volt system. 
18 volts or more for a 24-volt system. 

When th£ cranking voltage and cranking 
speed are good, if is reasonably safe to assume 
that the starting motor and starting circuits are 
in order. If the cranking voltage is lower than 
specified, test the battery capacity, starter 
circuits, and starter cranking current. However, 
if the cranking voltage is high, but the starter 
action is sluggish, check for starting circuit 
resistance, as outlined in the circuit resistance 
tests given later in this chapter. 

Excessive starting motor current indicates 
trouble in the starting circuit, provided the 
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engine cranking load is normal. However, 
increased current is normal. on new or newly 
overhauled engines or where the cranking load is 
above normal. 

To check an excessive starting motor current, 
a starting motor current draw test of the 6-, 12-, 
or 24-volt series system is performed. 

STARTING MOTOR CURRENT 
DRAW TEST 

Turn the battery starter tester control knob 
to the OFF .position. Then turn the voltmeter 
selector switch to 8 volts for a 6-volt system or 16 
volts for a 12-volt system. When a vehicle is 
equipped with a 24-volt series system, the 
voltmeter selector switch is turned to 16 volts if 
12-volt batteries are used or to 8 volts if 6-volt 
batteries are used. On a 24-volt series system, 
- connect the voltmeter leads across one )5- or 
12-volt battery ONLY. Connect the tester's 
VOLTMETER leads, as shown in figure 6-24. 

Before cranking the engine with the ignition 
switch ON, connect a jumper from the 
secondary terminal of the coil to ground to. 
prevent the engine ffom starting while testing. 
While crafnking, note the exact reading on the 
voltmeter. After cranking, turn the control knob 



of the battery tester clockwise until the voltmeter 
again reads exactly a* it did during cranking. 
The test AMMETER should indicate the starting 
motor current within the normal range of the 
vehicle being tested, as determined from the 
manufacturer's specifications. However, if the 
test indicates normal starter current, but low 
cranking speed, check the resistance in the 
starting 'circuit. If high starter current is 
encountered during the test, starting circuit 
trouble is indicated. In case of low starter 
current— accompanied by low cranking 
speed— or complete failure of the engine to 
crank, look for resistance within the starting 
circuit wiring or starting motor. ^ 

STARTER INSULATED CIRCUIT 
RESISTANCE TEST (CABLES 
AND SWITCHES) 

The starter insula ted~circuit resistance test of 
a 6-, 12-, or 24-volt series system is performed as 
follows. Connect the tester's VOLTMETER 
leads as shown in views A, B, and C of figure 
6-25 for the type of current being tested, 
observing the polarity as you make the 
connections. The voltmeter will read dff-scale tQ 
the right until the engine is cranked. The 
. voltmeter lead clips must be in good contact with 
the battery posts and the starter terminal. Now, 
turn the voltmeter selector switch to the No. 4 




_ a , CONSTRUCTION MECHANIC 1 & C 

VOLT position. Before cranking the engine with 
the ignition switch ON, connect a jumper from 
the secondary terminal of the coil to ground to 
prevent the engine from starting while it is being 
tested. While crariking the engine, observe the 
voltmeter reading which should be within the 
manufacturer's specifications. Unless otherwise 
specified by the manufacturer, the voltage loss 
in each of the circuits shown in views A, B, and 
C should not exceed the, value given. 

When you are testing a 6-volt system, the 
completed circuit shown in view A allows a 0.2 
j volt loss and that of view B, allows a 0.3 volt 
loss. When you are testing a 12-volt system, the 
completed circuit shown in view A allows a 0.4 
volt loss and that of view B, a 0.3 volt loss, and 
that of view C, a 0.1 volt loss. If testing a 24- or 
32-volt system, refer to the manufacturer's 
specifications. If the voltmeter reading is more 
than specified for the type of system being 
tested, high resistance is indicated in the cables, 
switches, or connections. Repeat the test with 




the voltmeter connected to each cable, switch, 
and connector of the circuit. The maximum 
readings taken across these* parts should not 
exceed the values listed below. 

6-Volt System 12-Volt System 

Each cable 0.1 volt 0.2 volt 

Each switch 0.1 volt 0.1 volt 

Each connector 0.0 volt o.O volt 

STARTER GROUND CIRCUIT 
RESISTANCE TEST 

Excessive resistance in the ground circuit of 
the starting system can cause sluggish cranking 
action or failure to crank, and can also seriously 
interfere with the operation of the electrical 
circuits using the same ground. 

The starter ground circuit resistance test of a 
6-, 12-, or 24-volt series system is performed as 
-follows: Connect the tester's VOLTMETER 
leads as shown in figure 6-26, observing the 
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polarity as you make the connections. Be sure 
the voltmeter lead clip at the battery contacts the 
battery post and not the battery .cable clamp. 
Now, turn the voltmeter selector switch to the 
No. 4 VOLT position. Before cranking the 
engine with the ignition switch ON, connect a 
jumper lead from the secondary terminal of the 
coil to ground to prevent the engine from 
starting while it is being tested. While cranking 
the engine, observe the voltmeter reading. 
Unless otherwise specified by the 
manufacturer's specifications, this reading 
should not exceed a 0.2 volt loss. A reading of 
more than the 0.2 volt loss usually indicates a 
loose, dirty or corroded connection or ground 
cables that are too small to carry the current. To 
locate the point of excessive resistance, apply the 
voltmeter leads across each connection and 
cable, in turn, and take the readings with the 
starting motor in operation. These readings 



should not exceed 0.1 volt loss on short ground 
cables and should be zero across each 
connection. Long ground cables may have 
slightly more than a 0.2 volt loss. 

SOLENOID SWITCH CIRCUIT 
RESISTANCE TEST 

High resistance in the solenoid switch circuit 
will reduce the current flow through the solenoid 
windings and cause the solenoid to function 
improperly or not at all. Improper action of the 
solenoid switch will, in most cases, result in 
burning of the main switch contacts, thus 
reducing current flow in the starter motor 
circuit. 

The solenoid switch circuit resistance test of 
a 6-, 12-, or 24-vQlt series system is performed as 
follows: Connect the tester's VOLTMETER 
leads as shown in figure 6-27, observing the 
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Figure 6-27.— Solenoid switch circuit resistance test. 
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polarity as you make the connections. Be sure 
the voltmeter lead clip at the solenoid contacts 
the switch terminal, not the solenoid wire end. 
Now, turn the voltmeter selector switch to the 
No. 4 VOLT position. Before cranking the 
engine with the ignition switch ON, conned a 
jumper lead from the secondary terminal of the 
coil to ground to prevent the engine from 
starting during the test. While cranking the 
engine, observe the voltmeter reading. This 
reading, unless otherwise specified by the 
manufacturer's specifications, should not 
exceed a 0.5 volt loss. A reading of more than a 
0.5 voir loss usually indicates excessive 
resistance. However, on certain vehicles, 
experience may show that a slightly higher 
voltage loss is normal. To isolate the point of 
4 high resistance, apply the voltmeter leads across 
each part of the circuit in turn, taking readings 
with the starting motor in operation. A reading 
of more than 0. 1 volt loss across any one wire or 
switch usually indicates trouble. If high readings 
are obtained across the neutral safety switch 
used on automatic transmission equipped 
vehicles, check the adjustments of the switch as 
outlined in the manufacturer's manual. Make 
sure all vehicle wires disconnected during the 
tests &re reconnected securely and properly at 
the conclusion of the tests. 



IGNITION SYSTEMS 

The treatment of ignition systems given in 
Construction Mechanic 3 & J2> NAVEDTRA 
10644-<j, deals mainly with the operating 
principles of a conventional automotive ignitiqn 
system. The treatment here continues with the 
basic types of transistor ignition systems 
(breaker-point and magnetic-pulse), the 
capacitor discharge ignition system, the Chrysler 
electronic ignition system, and the Delco-Remy 
unitized ignition system. 

TRANSISTOR IGNITION SYSTEM ' 
(BREAKER-POINT TYPE) 

The breaker-point type of transistor ignition 
system was developed to replace the standard or 
conventional ignition system. To obtain the 
maximum power and speed that this engine can 



produce, it is necessary to install an ignition 
system which outperforms the conventional one. 
Electronic-type ignition systems provide a 
hotter, more uniform spark at a more precise 
interval. This prgmoteanore efficient burning 
of fche air/fuel mixture in the combustion 
chamber, producing less exhaust emissions, 
resulting in better engine performance and 
increased mileage. The increased reliability of 
electronic ignition allows less frequent 
maintenance by increasing parts life. At high 
speeds, the breaker points of a conventional 
ignition system cannot handle the increased 
current flowing across them without pitting too 
much. Also, the dwell angle of the breaker 
points is too small for complete saturation of the 
ignition coil. The transistorized ignition systefn 
takes care of both drawbacks. 

By comparing figures 6-28 and 6-29, you can 
see how the transistor ignition system differs 
from the conventional. Connecting the breaker 
points to the transistor, as shown in figure 6-29, 
nearly eliminates arcing across them, since the 
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Figure 6-28.— Conventional ignition system. 
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Figure 6-29.— Transistor ignition system (breaker-point 
type). 
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current flow is small (about- 1/2 ampere). 
However, the current flow in the primary 
windings of the coil is about 6 amperes. This 
amount is enough to completely saturate the coil 
at high engine speeds and results in a higher 
output to the secondary circuit. At high engine 
speeds, therefore, the transistor ignition system 
is superior to the conventional system because 
there is less arcing across the breaker points and CAPACITOR DISCHARGE 
higher and steadier voltage in the secondar y V^^^fjioN SYSTEM 



this transistor ignition system is its coil, which 
has fewer and heavier primary windings and a 
higher turns/ ratio of primary to' secondary 
windings thaiuhe conventional coil. Controlling 
the current flovV and using a special coil produce 
the desired voltage in the secondary circuit at 
high engine speeds. 



circuit. 



TRANSISTOR IGNITION SYSTEM 
(MAGNETIC-PULSE TYPE) 

The drawbacks of a conventional ignition 
system operating at high engine speeds can also 
be overcome with the magnetic-pulse type of 
transistor ignition system (fig. 6-30). Notice that 
a magnetic pulse distributor, which resembles a 
conventional distributor, is used instead of a* 
breaker-point type of distributor. An iron timer 
core in this distributor replaces the standard 
breaker cam. The timer core has equally spaced 
projections (one for each cylinder of the engine) 
and rotates inside a magnetic pickup assembly. 
This pickup assembly replaces the breaker plate 
assembly of the conventional distributor. Since 
there are no breaker points of condenser, there 
can be no arcing across them. Capacitors in this 
system are for noise suppression. This 
overcomes one of the drawbacks already 
mentioned.. The other drawback is overcome by 
controlling the afnount of current that flows 
through the primary windings of the ignition coil 
and to ground. Transistors in the ignition pulse 
amplifier do the controlling. Another feature of 
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I- inure 6-30.— Magnetic-pulse type transistor ignition 
system. 



The capacitor discharge (CD) ignition system 
is also superior to the conventional ignition 
system. Like the magnetic pulse transistor" 
ignition system, the CD system has a special 
ignition coil, a transistorized pulse amplifier, 
and a magnetic pulse distributor. Unlike the 
magnetic pulse transistor/ignition system, the 
CD system has a high voltage condenser 
connected across the primary windings of the 
coil. The input to the coil Constant and assures 
complete saturation of the ctriH-jyhich results in 
the desired secondary voltage output at high 
engine speeds. 

ELECTRONIC IGNITION 
SYSTEM (CHRYSLER) 

Like the magnetic pulse transistor ignition 
system, Chrysler's electronic ignition system is 
breakerless— that is, there are no breaker points 
or condenser. (See fig. 6-31.) 
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Figure 6-31- — Electronic ignition distributor components. 
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2.530 

Figure 6-32.— Electronic ignition system. " 

. \ 

The Chrysler electronic ignition system in 
figure 6-32 consists of a battery, an ignition 
switch, a* dual ballast resistor, a special igrjfthqn 
coil, an electronic control unit, and a special* 
pulse-sending distributor. 



In place of the cam and rubbing block of the 
conventional ignition system, the t Chrysler 
electronic system uses a magnetic pickup coil 
and a rotating reluctor (fig. 6-33). As the teeth 
of the reluctor pass the magnet of the pickup 
coil, a voltage pulse is induced in the pickup coil 
which is a signal for the module to "interrupt" 
the primary coil current. The niagnetiQ field in 
the ignition coil collapses and itduces a high 
voltage into the secondary winding which fires 



/ 



the spark plugs. 



PICKUP COIL 




RELUCTOR 

PICKUP COIL WIRES 
Figure 6-33.— Electronic pickup and reluctor. 




The electronic module is a solid-state device 
that interrupts the primary coil current when 
signaled and self-starts the primary current ^SfSPv 
a predetermined time lapse. A compensating 
ballast resistor (0.5 ohms typical) is used in series 
with the ignition coil and battery circuit. T 
qcmpensating ballast resistor maintains a 

■ constant primary current with changes in engine 
speed. During starting or cranking, the 
compensating ballast resistor is bypassed,* 
supplying full battery voltage to the ignition coil. 
The auxiliary ballast resistor (5.0 ohms typical) 
limits the current to the electronic module. 

* On- this system, you adjust the airgap by 
aluiing one reluc|pr tooth with the pickup- coil 
tooth. After ISosening the holding screw, use a 
nonmagnetic -fteter gage of the correct size to 
obtain proper airgap between me reluctor and 
the pickup coil. Check the setting, for proper 
clearance at the reluctor tooth with a 
nonmagnetic feeler gage that is 0.002 incfi larger 
than the manufacturers specification. 

CAUTION: Do not force the feeler gage into 
the airgap. This should be a go-no-go tolerance. 

The engine analyzer may be used to check the 
magnetic pickup coil unless the distributor 
sensors depend directly on the electronic module 
for operation, as they do \n the American 
Motors Breakerless Inductive Discharge System 
(BID). To check the coil,V>erate the analyzer in 
the self-sweep mode and (disconnect the pickup 
from the harness. NEVER connect the analyzer 
to a distributor withoutvfirst referring to the 
operator's manual for the correct procedure. 
Connect the red and black test probes across the 
pickup coil wires and crank the engine as you 
observe the screen display. The screen trace 
should oscillate above and below the zero line if 
the pickup is good. 

CHRYSLER ELECTRONIC 
LEAN BURN SYSTEM/ELECTRONIC 
SPARK CONTROL 

Since current model engines burn a leaner 
fuel air mixture within the cylinders, a special 
means of igniting this mixture is required, for 
example, the electronic lean-burn system (fig. 
6*34). It consists of a solid-state spark control 
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Figure 6-34.— Lean burn ignition system. 



computer, various engine sensors, and a 
specially calibrated carburetor. Also, the 
distributor provides centrifugal spark advance 
only (no vacuum advance). Located in the 
distributor are two pickup coils (fig. 6-35) NOT 
found in 1978-1979 models. One coil operates 



START PICKU 




Figure 6-35.— Lean burn pickup coils. 



during starting, whereas the other coil operates 
when the engine is running. The starting pickup 
is easily identified; its distributor connection is 
larger. 

The computer selects either the start or run 
coil, not the ignition switch. The spark advance 
is controlled primarily by the spark control 
computer which receives its signals from the 
engine sensors listed below: 

J. Coolant Temperature Switch (on the 
water pump housing) signals that the engine 
temperature is below 150°. 

2. Air Temperature Switch (inside the 
computer, but not used after 1979) senses the 
temperature of the incoming fresh air which 
controls the throttle position advance. 

3. Carburetor Switch (on the right side of 
the carburetor) tells the computer whether 
engine is at idle or off idle. i 

4. Vacuum Transducer (on the computer) 
signals the computer for more spark advance 
with higher vacuum and less spark advance with 
lower vacuum. The computer responds over a 
period of time rather than suddenly, using a 
timed countdown delay. 

5. Throttle Position Transducer (on the 
carburetor but eliminated in 1980) signals the 
computer to advance by indicating the new 
throttle plate position and the rate of change. 

UNIT IGNITION SYSTEM 
(DELCO-REMY) 

This unitized ignitirtn system by Delco-Remy 
is another breakerless ignition system. It is called 
unitized because the entire system is built into 
one unit, the distributor. This distributor 
contains the ignition coil, the secondary wiring 
harness and cap, shell, rotor, vacuum advance 
unit, pickup coil, timer core (which replaces the 
cam), and electronic module. The distributor 
operates on an electronically amplified pulse. 
Vacuum spark advance and mechanical spark 
advance are applied in the usual way. The 
moving parts of this system induce a voltage 
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Which signals the electronic module to interrupt 
the primary circuit. The desired voltage is then 
induced in the secondary windings of the 
ignition coil, and directed to the proper spark 
plug by the rotor and the secondary wiring 
harness and cap. 

HIGH-ENERGY IGNITION ^ 
SYSTEM (DELCO-REMY) 

The Delco-Remy High-Energy Ignition 
(HEI) System is a breakerless, pulse-triggered, 
transistor-controlled, inductive discharge 
ignition system. The HEI system and the older 
Unit Ignition System differ in that the HEI 
system is a full 12-volt system. Also, the Unit 
Ignition System incorporates a resistance wire to 
limit the voltage to the coil, except during starter 
motor operation. 

The cam and point rubbing block of the 
conventional ignition system are replaced by the 
timer core, pickup coil, and electronic module in 
the HEI system (fig. 6-36). A timer core rotates? 
inside the pickup coil pole piece (fig. 6-37). 
When the timer core teeth aline with the pole 
piece, a voltage pulse is induced in the pickup 
winding. This pulse signals the module to 
activate the primary coil current, inducting high 
voltage in the secondary windings anti ultimately 
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Figure 6-36.— High-energy ignition system. 
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Figure 6-37.— High-energy timer and pole pieces. 



firing the spark plug. The module automatically 
controls the dwell period, stretching it as engine 
speed increases. Therefore, the primary current 
reaches its maximum strength at high engine 
speeds and reduces*- the chances of high-speed 
misfire. The secondary coil energy (35,000 volts) 
is greater than in conventional ignition systems 
wmbh allows increased spark duration. The 
longer spark duration of the HEI system is 
instrumental in firing lean and exhaust gas 
recirculation (EGR) diluted fuel/air mixtures. 
The condenser within the HEI distributor is 
provided for noise suppression only. 



TROUBLESHOOTING 

As an automotive electrician, you will be 
called on to troubleshoot the conventional, 
transistor, and electronic ignition systems. The 
instruments you need to pinpoint problems in a 
conventional ignition system include the simple 
voltmeter and ohmmeter. Although an engine 
analyzer simplifies the troubleshooting of 
electronic ignition systems, you can do so with a 
volt/ohmmeter (0 to 20,Q00-volt/ohm range). 
Better yet is an ignition scope tester since it can 
test system components while the engine is 
running. 

CONVENTIONAL/COIL 
IGNITION SYSTEM 

In troubleshooting a conventional ignition 
system, you conduct separate tests on the 
primary circuit (low voltage) and the secondary 
circuit (high voltage). The primary circuit carries 
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current at battery voltage, whereas the 
secondary voltage could be as much as 30,000 
volts. 

Primary Circuit Ttets 

Using a simple voltmeter, you can check 
12-volt primary circuit as follows: 

1 . '{Hook up the voltmeter between the switch 
side of the ignition coil and a good ground. The 
engine must be at operating temperature, but 
stopped, and the distributor side of the coil 
grounded with a jumper wire. (See figure 6-38.) 

2. With the ignitic^Switch on, jiggle it and 
watch the voltmeter. The switch is defective if 
the meter needle fluctuates. The voltmeter 
should read a steady 5.5 to^ 7 volts with the 
points open on systems using a ballast resistor. 

3. Crank the engine and watch the 
voltmeter. It should read at least 9.6 volts while 
the engine is being cranked. 

4. Remove the jumper wire from the coil, 
then start^the engine. The meter reading should 
be 5 to 8 volts on a ballast resistor system while 
the engine is running. 

5. Stop the engine by turning off the ignition 
switch. Hook up the voltmeter between the 
distributor side of the coil and ground. Remove 
the high tension wire from the coil and ground 
it. 
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6. Close the ignition switch and slowly open 
and close the breaker points by bumping the 
engine. When the points make and break, the 
voltmeter should read between 4 and 6 volts. 
Normally, with the engine stopped and points 
opened, the reading will be 12 volts; with points 
closed, the reading will be near zero volts. If 
while the engine is cranked, the voltmeter 
reading stays at zero or near zero, the following 
three checks will have to be made to locate the 
source of trouble.- 

7. Check for current flow at the distributor. 
Disconnect the distributor primary wire from 
the top of the coil. Take a voltmeter reading 
from the distributor terminal of the coil. 
Current should flow through the circuit. 

8. Check the opening and closing of the 
breaker points. If not adjusted properly, they 
may not open and close. Also look for a 
mechanical failure of the points of cam. 
Lubricate the rubbing block at this time if 
necessary. 

9. Check grounding of the movable breaker 
point, the stud at the primary distributor wire 
terminal, or the wire of the condenser (pigtail). 
None of these should be grounded. 

Secondary Circuit Tests 

The high voltage in the secondary circuit is 
produced by the ignition coil. Current flows out 
of the coil at the secondary terminal through a 
cable to the distributor cap and rotor. The rotor 
distributes the current through the cap and 
cables to the spark plugs, and then to ground. 
The checkpoints for the secondary circuit are the 
secondary terminal of the coil, the coil-to- 
distributor cap cable, the distributor cap, rotor, 
spark plug cables, and spark plugs. 

The secondary circuit can be checked as 
follows: 

1. Pull the coil high- voltage cable from the 
distributor cap and hold the loose end of the 
cable about one-fourth of an inch, from a good 
grounding point on the engine block. 
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2. Crank the engine and look for a spark to 
bridge the gap between thejooseend of the cable 
and the grounding point, if you see a blue spark, 
proceed to the next st$p since the coil is 
functioning normally. If you see a yellow spark 
or no spark at all, the trouble sources are in the 
primary circuit, the coil, and the coil-to- 
distributor cable. 

3. Remove, the spark plug cables from the 
spark plugs and lift off the distributor cap. 
Connect one ohmmeter test lead to a spark plug 
cable connector and the other test lead to the 
terminal inside the distributor cap for the spark 
plug c^ble. Measure the resistance of the other 
spark plug cables in turn. Cable resistance 
should not exceed the manufacturer's 
recommendations. Excessive resistance can 
result from cable damage, defective spark plug 
connector, corroded distributor cap tower, or 
unseated cable in the tower. 

4. Inspect the distributor cap inside and out 
for carbon tracking and cracks; also inspect for 
a worn center contact button or burned spark 
plug cable contacts. 

5. Remove the rotor and inspect it. Look for 
high-resistance carbon, a burned tip,-, or a 
grounded rotor. 

NOTE: Due to the difference in materials 
and quality control used by manufacturers of 
distributor caps and rotors, it is desirable to use 
both items from the same manufacturer. 

6. Remove all spark plugs from the engine 
and inspect each one. Look for fouled plug tips, 
gaps that are too wide or bridged, chipped 
insulators, and other conditions that can cause 
high resistance at the electrodes. 

Coil Resistance Tests 

Using a simple ohmmeter, y^ can check the 
resistance of the ignition coitTtts primary circuit 
and secondary circuit are tested separately. To 
check the primary side, connect the ohmmeter 
leads across the primary terminals of the coil. 
Use the low ohms scale of the meter. The 
resistance should be about 1 ohm for coils 



requiring external ballast resistors, and about 4 
ohms for coils not requiring the ballast resistors. 
In checking the secondary side, switch to the 
high scale of the ohmmeter. Connect one 
ohmmeter lead to the distributor cap end of the 
coil secondary wire, and the other lead to the 
distributor terminal of the coil. The condition of 
the coil is satisfactory if the meter reading is 
between 4,000 and 8,000 ohms, although the 
resistance of some special coils may be as high as 
13,000 ohms. Should the reading be a lot 
less than 4,000 ohms, the secondary turns of the 
coil are probably shorted. A reading of 40,000 
ohms or more indicates an open secondary, a 
bad connection at the coil terminal, or a high 
resistance in the cable. 

TRANSISTOR IGNITION SYSTEM 

The preceding techniques for trouble- 
shooting a conventional battery/coil ignition 
system also apply, for the most part, to 
troubleshooting the basic types of transistorized 
ignition systems— breaker-point type and 
breakerless.. Special techniques, however, are 
used in checking the electronic components of a 
transistorized ignition system. Prior to testing 
any electronic ignition system, refer to the 
manufacturer's manual. Not all systems may be 
checked for spark across a gap to ground 
without damaging the module. Other systems 
may only allow specific plug wires to be tested by 
sparking across the gap. Since these components 
are easily damaged by heat, shock, or reverse 
polarity, you must be extra careful jn checking 
them. The following steps form the procedure 
for troubleshooting breakerless systems: 

1. Pull the high-voltage cable from the 
distributor cap and hold the loose end of the 
cable about one-half of an inch from a good 
grounding point on the engine block. 

2, With the ignition switch ON, crank the 
engine and look for a spark to bridge the gap 
between the ldose end of the cable and the 
grounding point. If you see a blue spark, 
reconnect the high-voltage cable to the 
distributor and proceed to step 3. If you do not 
see a spark or see a weak spark, proceed to 
step 4. 
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3. Pull the cable from a spark plug and hold 
the loose end of the cable about one-half of an 
inch from the spark plug terminal. With fhe 
ignition switch ON, crank the engine and look 
for a spark to bridge the gap between the loose 
end of the spark plug cable and the spark plug 
terminal. A blue spark here indicates a normal 
operating condition. 

4. With weak spark or no spark, test the 
coil. Since a special coil is used in this ignition 
system, you cannot test it with a conventional 
coil tester. Use an ohmmeter to check the 
continuity of the coil's primary and secondary 
windings. With leads disconnected from the coil, 
connect the ohmmeter across the primary 
terminals. If the meter reading*is infinite, the 
primary winding is open. The secondary winding 
is checked by connecting the ohmmeter to the 
coil case and to the high voltage center tower. 
Again, an infinite reading indicates an. open 
winding; if any reading is obtained, it indi- 
cates a shorted winding. Be sure to use the 
middle or high-resistance range of the ohmmeter 
when you check the continuity of the secondary 
winding. 

' r 

5. Check the operation of the ignition pulse 
amplifier. To do so, detach the positive and 
negative leadstrom the coil and connecj them in 
series to a 12-volt, 2-candlepower bulb. A 

6. Crank the engine and observe the bulb. If 
it flickers on and off, the amplifier is operating 
properly. If the bulb does not flicker on and off, 
check the distributor. * 

7. Connect a vacuum source to the 
distributor and an ohmmeter to the two 
terminals on the distributor connector. Open the 
vacuum source to the distributor, and observe 
the ohmmeter throughout the range of the 
vacuum source. A reading less than 550 ohms or 
more than 750 ohms indicates a defective pickup 
coil in the distributor: 

8. Remove one ohmmeter lead from the 
distributor cpnnector and ground it. Again, 
open the vacuum source to the distributor as you 
observe the ohmmeter. A reading less than 
infinite indicates a defective pickup coil. 



ELECTRONIC IGNITION 
SYSTEM 



Should the engine analyzer not be available, 
you may troubleshoot the electronic ignition 
system to prevent unnecessary replacement of its 
expensive units. (See table 6-1.) You will need a 
volt/ohmmeter with a 20,000 volt/ohm range. 
Check the battery in the system being tested; 
battery voltage must be at least 12 volts. 

CAUTION: MAKE SURE THE IGNITION 
SWITCH IS OFF WHEN THE CONTROL 
UNIT CONNECTOR IS BEING REMOVED 
OR REPLACED. 

Disconnect the wiring plug from the control 
unit, and turn on the ignition switch. Ground 
the negative voltmeter lead. Connect the positive 
voltmeter lead to the harness cavities designated ' 
in the sequence recommended by the manufac- 
turer. Voltage should be within one volt of 
battery voltage with all accessories off. If not, 
* check that circuit through to the battery. Turn 
the ignition switch off after completing the 
voltage test. Connect the ohihmeter to the. 
cavities designated. If resistance is not within the 
manufacturer's range, disconnect the dual lead 
connector from the distributor. Recheck 
resistance at the dual lead connector. With one 
ohmmeter lead still grounded, connect the other 
lead to either distributor connector. If the 
ohmmeter shows a reading, replace the 
distributor pickup coil. To test for control unit 
continuity, ground one ohmmeter lead and 
connect the other lead to the control unit pin 
designated. If continuity cannot be obtained 
er removing and remounting the control unit 
In an attempt to get good ground, replace the 
control unit. Make sure the ignition switch is 
OFF, and reconnect the control unit connector 
plug and the distributor plug. Check the airgap 
adjustment as described previously. After these 
tests or repairs, test the entire system by 
removing the center wire from the distributor 
cap. Using insulated pliers and a heavy rubber 
glove, hold this wire about one-half of an inch 
from the engine block and operate the starter. If 
there is no spark, replace the control unit and 
retest. If no spark is obtained, replace-the coil. 
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Table 6-1.— Troubleshooting Chrysler Electronic Ignition 



Condition 


PoaibU Came 


Correction 


ENGINE 
WILL NOT 
START 
(Fuel and 
carburetion 
known to be 
OK) 


a) Dual Ballast 


Check resistance of each section: 

Compensating resistance : 

•50-.6O ohms(g)70'-80 # F 

Auxiliary Ballast: 4.75-5.75 ohms 

Replace if faulty. Check wire positions. * 

/ 




b) Faulty Ignition Check for .carbonized tower. Check primary and tec- 
Coil ondary resistances: 

Primary: 1.41-1.79 ohms <3> 70'-80 # F 
Secondary: 9,200-11,700 ohma @ 70*-80*F 
Check in coil tester. 




c) Faulty Pickup Check pickup coil resistance: 
or Improper 400-000 ohms 

Pickup Air Gap Check pickup gap: .010' in. feeler gauge should not 
slip^between pickup coil core and an aligned reluctor 
bUde. No evidence of pickup core striking reluctor 
• blades should be visible. To reset gap, tighten pickup 
adjustment screw with a .008 in. feeler gauge held be- 
tween pickup core and an aligned reluctor blade. After 
resetting gap, run distributor on test stand and apply 
vacuum advance, making sure that the pickup core 
does not strike the reluctor blades. 




d) Faulty Wiring Visually inspect wiring for brittle insulation. Inspect 
' L -~'~-*»-«* connectors. Molded connectors should be inspected for 
rubber inside female terminals. 




e) Faulty Control 
Unit 


Replace if all of the above checks are negative. When- 
ever the control unit or dual ballast is replaced, make 
sure 'the dual ballast wires are correctly inserted in 
the keyed molded connector. 



\ 
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CHAPTER 7 

DIESEL FUEL SYSTEMS 




The fuel and air induction systems are the 
most crucial of all of the diesel engine systems. 
Therefore, special care must be exercised when 
making adjustments and repairs to these 
systems. The Construction Mechanic 3&2> Rate 
Training Manual, NAVEDTRA 10644-G 
edition, covered the general maintenance, 
removal and replacement of pumps, injectors, 
blowers, and turbochargers; as well as, timing, 
minor adjustments, and repairs to the 
Caterpillar, International Harvester, General 
Motors, and Cummins diesel fuel systems. This 
chapter p/ovides information that will aid you in 
the disassembly, reassembly, testing, overhaul, 
and troubleshooting of diesel fuel and air 
induction systems. 



CATERPILLAR FUEL 
INJECTION SYSTEMS 

In this section, the three types of Caterpillar 
fuel injection systems— the forged body, the 
compact, and the sleeve metering— will be 
discussed. While these systems serve the same 
purpose and use common general trouble- 
shooting procedures, each is individual in 
design. These systems utilize a capsule-type 
injector with a precombustion chamber to 
atomize the fuel for effective combustion. 

FORGED BODY FUEL SYSTEM 

The main parts of the . Caterpillar fuel 
injection system are (1) the fuel injection pump 
(See fig. 7-1.) which times, meters, and creates 
the pressure needed for fuel delivery and (2) the 
capsule-type injector valve (See fig, 7-2.) which 
injects and atomizes the fuel. 



The most likely causes of faulty fuel 
injection performance are (1) air in the fuel, (2) 
low fuel supply, (3) water in the fuel, (4) dirty 
fuel filters, and (5) low transfer pump pressure. 
If, after you have checked and corrected these 
conditions, the engine still does not perform 
properly, the fuel injection components must be 
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Figure 7-1.— Fuel injection pump. 



24*6 



J 

CONSTRUCTION MECHANIC 1 & C 




S1.345X 

Figure 7-2.— Capsule-type fuel injection valve assembly,. 



checked. The guidelines for troubleshooting and 
general test procedures used when the injector 
pumps and valves are being tested are given 
below. 

Troubleshooting 

Prior to removing either the injector pump 
or injector valve from an engine running 
erratically, make a simple test by running the 
engine at a speed which" makes the defect most 
pronounced. Momentarily, looseruthe fuel line 
nut on the injector pump far enough so that the 
cylinder misfires or "cuts out"; check each 
cylinder in the same manner. If one is found 
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where the loosened nut has no effect on the 
irregular operation of the engine or black smoke 
stops puffing from the exhaust, you have 
located the misfiring cylinder. Probably only the 
pump and valve for that cylinder need to be 
removed for additional testing. 

Testing 

The Caterpillar fuel injection tester provides 
a means for determining the condition of the 
fuel injection pumps and valves. Prior to 
performing any test, be sure to study and follow 
the instructions in the manual for the type of 
testing equipment you are using. 

r 

" INJECTION PUMP.— Clean the fuel pump 
, thoroughly before installing it on the tester. Any 
abrasive material allowed to enter the pump may 
be carried into the tester's discharge collector 
and impair the discharge measurement accuracy. 
Close the fuel pump openings with the covers 
provided, holding the plunger in place. Clean 
thoroughly with clean solvent or fuel oil. 

Pumps are tested at or near (within .025 
inch) the full-load setting of the engine. If the 
fuel delivery from the pump is within the limits 
of the full-load setting, the pump will perform 
prpperly throughout the full range of rack 
travel. The governor will compensate for pump 
wear at any rack setting less than the full-load 
setting. * 

• Caterpillar fuel injection pumps have no 

adjustments or replacement parts for rebuilding. 

If the tester reveals that the pump is no longer 

serviceable, discard the pump. 

« 

To test the injector pump, determine the 
plunger diameter by inserting the portion of the 
plunger under the gear into the gage supplied 
with the tester. Insert th€ portion of the pump 
plunger and gear segment into the gage setting of 
the tester's housing, as shown in figure 7-3. 
Determine the proper full-load rack setting by 
referring to the fack setting charts for the engine 
from which the pump was removed. After you ^ 
have made the full-rack setting (usually to the 
nearest .025 inch), you also will be able to 
determine the number of discharge strokes 

I 
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Figure 7-5.— Correct level in collector jar. 
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Figure 7-3.— Test location for various size pumps. 



required from the pump test chart. Now you are 
ready to attach the collector assembly and jar to 
the fuel pump, *as shown in figure 7-4. 
Remember to bleed the air from the pump and 
the collector assembly before proceeding with 
the test. Operate the pump at least 50 strokes to 
do this. Remember the collector jar is loosely 
placed on the collector assembly during the 
priming. After the priming, remove tnfc collector 
jar and drain. Reset the counter to zero and 
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Figure 7-4.— Collector assembly and jar. 



attach the collector jar to the collector assembly. 
Operate the pump the prescribed number of 
discharge strokes. Remove the collector jar and 
place it on a level surface. The fuel level in the 
jar is to be read from the bottom as shown in 
figtfre7-5. 

The condition of the pump is indicated" 
directly by the calibrations on the collector jar. 
If the fuel level is within or above the GOOD 
range, the pump is equivalent to a new one. A 
fuel level within or below the POOR range 
shows that the pump plunger and barrel have 
worn so much that the engine will be "hard to 
start and mly have less power. Such pumps 
should be replaced. 

CAPSULE-TYPE INJECTOR VALVE.- 
The capsule-type fuel injection valves can be 
tested on the fuel injection tester for spray 
characteristics, valve opening pressure, and 
leakage rate. Before testing the valve, inspect the 
screen filter/ (See fig. 7-2.) If the screen is 
. broken or clogged with dirt particles, discard the 
valve. 

When cleaning the deposited carbon from 
the injection valve nozzle (See fig. 7-6*)> use a 
drill from the cleaning tool group kit, furnished 
by Caterpillar, corresponding to the orifice size 
of the nozzle. The orifice size is usually stamped 
on the side of the valve. NEVER clean the 
injection valves with a wire brush. The use of a 
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, Figure 7-6.— Cleaning capsule-type nozzle^s^ 

wrre brush to remove carbon from the injection 
valves might damage the orifice and reduce 
power output. 

After inspecting the valve screen filter and 
cleaning the injector valve nozzle, test the valve 
for spray characteristics. A solid stream of fuel 
with little or no atomization may be caused 
either by a gummy carbon accumulation or a 
particle of foreign material. 

If the fuel emitted is prbperly atomized and 
the ciftoff is sharp with no dribble, the spray 
. characteristics of the valve are, satisfactory.' 

Next, test the valve for opening pressure and 
leakage. Valve opening pressure might range 
from 400 to 800 psi, as ^registered on the test 
gage. If the injection valve fails to reach a 
minimum .of 400 psi, discard the valve. If the 
valve opening pressure is satisfactory, reduce the 
pressure to 300 psi and. observe the gage to note 
any drop in pressure. If the pressure falls more 
than 100 psi in 30 seconds, discard the injection 
V&lve nozzle. 

COMPACT FUEL SYSTEM 

The pressure-type compact fiiel system has a 
separate injection pump gnd injection valve for 
each cylinder. Fuel Ts injected into a 
precombustion chamber (fig. 7-7). A transfer 
pump delivers filtered fuel to the manifold from 
which the injection pumps get their fuel. The 
transfer pump supplies more fuel than is 
required for injection. A bypass pressure relief 
valve limits the maximum pressure. 

Operation 

The injection pump in figure 7-8 forces fuel 
under high pressure to the injection valves. 




1. Fuel injection line 

2. Nut 

3. Glow plug 



4. Body •* 

5. Nozzle assembly 

6. Precombustion chamber 



Ffgure 7-7.— Precombustion chamber and fuel injection 
Yalve. 



Injection pump plungers and lifters are actuated 
by lobes on the pump camshaft and always make 
a full stroke. The lifters are held against the 
pump camshaft by spring pressure, applied to 
the plungers. 



Governor 



i 



The governor on the compact fuel system is 
hydraulically operated. Governor action 
controls the amount of fuel injected by turning 
thsolunger (fig. 7-1) in the barrel through a gear 
segment on the bottom of the plunger. 
.Pressurized lubrication oil enters the passage in 
the governor cylinder. The oil encircles the 
sleeve within the cylinder and is directed through 
a passage to operate the piston. * 

* 'When the engine is started, the speed limiter 
plunger fj^tricts the governor control linkage. 
Operating oil pressure has to react on the speed 
limiter before the governor control can be 
moved to the high-idle position. At low idle, a % 
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Fuel manifold 
Inlet port 
Check valve 
Gear segment 
Pump plunger 



Spring 
Fuel rack 
Lifter 
Camshaft 



Figure 7-S.— Compact fuel Injection pump. 



spring-loaded plunger bears against the shoulder 
of the low-idle adjusting screw. Forcing th^ 
plunger p^st the shoulder on the adjusting screu 
stops the engine. I 

Lubrication oil from the governor drains\ 
into the fuel injection pump housing. }~ 

Troubleshooting ^ 

M&ny times the fuel system is blamed when 
the fault lies elsewhere, especially when smokey 
exhaust is the problqn. Smokey exhaust can be 
caused by lack of air'for complete comhustion, 
overloading, oil burning, lack of compression, 
as well as faulty injection valves or pumps. 

The two troubles in the compact system are 
lack of fuel and too much fuel for proper 



combustion. If the time dim.ension is too small, 
injection will begin early; and if too great, 
injection will be late. When checking plunger 
wear, check the lifter washer for wear. Replace 
the washers showing visible wear to avoid rapid 
wear of the plunger. If the plunger length is not 
within limits, discard the plunger. 

SLEEVE METERING SYSTEM 

The sleeve metering fuel system on some 
models of the Caterpillar engine derives its name 
from the method of controlling the amount of 
fuel injected into the cylinder. This system has 
an injection pump and an injection valve for. 
each cylinder. Most injection valves are locatecj 
in the precombustion chamber, while the 
injection pumps are located in a common 
housing. 

As with other diesel injection systems, the 
quality and cleanliness of the fuel used is 
paramount for proper operation. Certain 
applications of the sleeve metering system have a 
water separator to remove up to 95 percent of 
th£ water in the fuel. 

Components ' 

The sleeve metering fuel system has three 
main components that are designed and 
operated differently from earlier Caterpillar tuel 
injection systems. These components are the 
plunger, barrel, and sleeve, which are mated sets 
(fig. 7-9) and must be kept together. The plunger 
moves up and down inside the barrel and sleeve., 
f he barrel is stationary while the sleeve is moved 
up and down the plunger. Sleeve position is 
controlled by the action of the governor through 
varied loads to regulate the amount of^/uel 
injected. Located in the inlet side of the system is 
a priming pump. Opening the bleed valve and 
operating the priming pump removes air front 
the injection pump housing filters and suction 
lines. 

» * 

Operation 

The lifter and plunger are lifted through a 
full stroke with each revolution of the pump 
camshaft. Spring force on the plunger, through 
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1. Barrel 1 4. Spill port 

2. Plunger 5. Metering sleeve 

3. Import 

Figure 7-9.— Sleeve metering barrel and plunger assembly* 



the retainer, holds the lif?fr against the camshaft 
through the full strode cycle. The fuel in the 
housing supplies the injection pumps and 
lubricates the moving parts in the housing. 
Before the engine will start, the housing must be 
charged as shown in position 1, figure 740, and 
the sleeve must be high enough on the plunjger to 
clo?e the fuel outlet (spill port) during part of the 
stroke. The chamber fills with fuel through the 
fuel inlet (fill port) which is below the level of 
the fuel in the housing. 
4 . 

Injection begins when the rotation of the 
camshaft lifts the plunger, faiv enough into the, 
barrel tcj close. the fuel inlet as shown in position 
2, figure 7-10. Both the fuel inlet and outlet are 
now closed. Continued rotation of the camshaft, 
as shown* Vin position 3, figure 7-10, lifts the 
plunger farther into the chamber of the barrel 
and increases the pressure on the trapped fuel. 
This pressure is felt by both the reverse flow 




® © © 0 

FILLING < BE6IN CONTINUE END • 

INJECTION INJECTION INJECTION 

Figure 7-10.— Injection pump operating cycle. 

\ 

check valve in the pump, No. 1 of figure 7-11, 
and the injector valve located in 'the nozzle 
assembly, No. 5 of figure 7-7. When the pressure 
is high enough, to* open the capsule, injection 
* occurs. 

Injection ends when the camshaft rotation 
causes the plunger to open the fuel outlet, as 
shown in position 4, figure 7-10. The op£n fuel 
outlet reduces the pressure on the fuel within the 
pumping chamber. Residual pressure in the fuel 
line closes the reverse flow check valve in the 
pump* and prevents surges on the fuel lines. No 
fuel Rowing permits the injection valve to close, 
and complete injection. 

The camshaft continues td lift the plunger to 
the top of the stroke. The fuel in the housing fills 
the space in the pumping chamber through the 
fuel outlet until Jhe sleeve closes the outlet on the 
downward stroke. Spring pressure pushes the 
plunger farther down as the camshaft rotates 
allowing the fuel inlet to fill the rest of the 
chamber and restarting the cycle. 

Governor * 4 

Jhe mechanical-type governor's shaft for the 
sleeve metering fuel system controls the position 
of the sleeve on the plunger to regulate the 

» 1 '>r. 
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Troubleshooting and Adjustmehts 

Most problems in this system can be traced 
to lack of fuel, low-fuel pressure, dirty fuel 
filters, poor quality fuel, or a broken or 
damaged fuel line. Air enters the fuel system 
when there are loose connections on the suction 
side of the pump. . i 

Individual fuel injection pumps for each 
cylinder with built-in calibration means little or 
no balancing or adjustment. Prior to calibrating 
any sleeve metering fuel system, insure that the 
proper tools and manuals are available. 



ROOSA MASTER FUEL 
INJECTION PUMP 

The Construction Mechanics & 2, NAVED- 
TRA 10644-G, chapter 4, covers the general 
construction and operation of the Roosa Master 
l5B and DC fuel injection pumps, as well as the 
International Harvester engine series 817 fuel 
injector. Here we will cover troubleshooting, 
disassembly, inspection, reassembly, and testing 
of the basic DC fuel pump of the Roosa Master 
system. Prior to performing any work on an 
injection pump, refer to the manufacturers' 
maintenance and service manuals. 



1. Reverse flow check valve 

2. Chamber 

3. Barrel 

4. Spring 

5. Fuel inlet 

6. Retainer 



7. Plunger 

8. Sleeve 

9. Fuel outlet 

10. Sleeve control lever 

11. Lifter ' * * " 

12. Camshaft v 



Figure 7-11.— Sleeve metering fuel pump. 

amount' of fuel injected.. The volume of fuel 
injected is equal to the displacement of the 
plunger lift into the barrel between start and end 
of injection, The higher the sleeve position, the 
more fuel injected. To aid in starting, the 
start-up control sets the fuel injection pumps at 
full stroke regardless of the throttle positienr 
Normal governor operation takes over at low- 
idle speed, approximately 50O rpm. 

\ 



The troubleshooting chart, shown in- table 
7-1, lists some of the problems and their possible 
causes that you might encounter in the Roosa 
Master fuel system. - * 

TROUBLESHOOTING V 

A field test (Kiene) on an engine is an 
effiiBpt way to pinpoint the Gause of poor 
engjne*performance. This test will eliminate 
unnecessary fuel injection pump, removal. Since 
this field test permits some analysis of engine 
condition, as well as ftie fuel system, you will 
quickly see the extent of the difficulty and the 
remedies required. ( 
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Since most tests are more conveniently made 
under no load conditions, all readings possible 
are determined at high idle. If the supply 
pressure is lower than normal, an engine can still 
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Table 7-1,— Trovbfesbootiaf Ckart for Room Master F»d System 
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CAUSE OF 
PROBLEM 



(Numbers m "Problem" Check 
Chart indicate order in which 
to check possible "Causes" 
of Problem.) 




CORRECTIVE 
MEASURES 



Hand primer installed 
backwards. 



One or more Connector 
Sc-rov^ obstructed. 



Seizure of Distributor Rotor. 



Failure oj ek-ctneaj shut-off 



Fuel supply line* clogged, 
restated, wrontf si/e or 
poorly located. 



Air leaks on suction side 
of system. 



Automatic advance faulty or 
not operating. 



Water ,in fuel. 



Return oil line or fittings 
restricted. 



Air Intake restnetexi. 
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13 



13 



Re-install properly. 



Replace. 



Check for cause of seizure. Replace hydraulic head and distributor 
rotor assembly. 



Remove, inspect and adjust parts. Replace parts as necessary. 



Blow out all fuel line* with filtered airC Replace if^damaged. Remove and 
inspect all flexible lines. 



Trouble-shooting theVystcm for air leaks. 



Remove, inspect, corrcVt and reassemble. 



Dram fuel system ant), pump housing, provido new fuel, prime system. 



Remove line, blow clean \Cit! v altered air and reassemble. Replace 
if damaged. 



Check manual. 
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Pump housing not full ol fuel. 
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Operate cngiqc toi approximated > minuter until pump fills w tth luel. 


Fuel lines incorrect, leaking or 
connected to wrong cylinders 






4 






L 




13 






Relocate P0>es for correct engine firing sequence. 


Shut-off device interfering with 
(lovernor linkage. 






6 


H 








2 






Cheek and adjust governor' linkage dimension. 


Governor high-idle adjustment 
incorrect. 
















3 






Adjust to pump specifications. 


Throttle Arm travel not 
suf f ic lent. 






2 










1 






Cheek installation and adjust throttle linkage. 


Transfer Pump Blades worn or 
broken. 


5 
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12 


5 


12 






A i " 

Replace. 


Shut-otf device^al "stop" 
position. 




t 
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Move to "run" position. 


Metering Valve sticking 
or- closed. 




4 




8 




10 


G 


10 






Chock for governor linkage binding, lo reign matter, burrs, etc*, 
r 


Governor Spring worn 
or broken 




5 
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• Remove and replace. 


Governor linkage broken. 
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Ilemovi* rpf)1:t('<> ;mH i*i''ittni*»t tv*r •<* ifw.tt miK 


Tank valve closed. 
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Open v«il\e, * 


Nozzles faulty or sticking. 
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10 
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Replace or correct n<>//,les. \ 

i 


Pump timed incorrectly 
to engine. 
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Correct timing. 


FUtcra or inlet Strainer 
clogged. 
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Remove and replace ( logged elements. Clean strainer. 
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operate smoothly at approximately the correct 
high-idle speed. The governor opens the 
metering valve further to make up for the lower 
pressure; so, you can take successful readings at 
high idle. 

First, disconnect the* throttle linkage, then, 
with the engine running, hold the ( throttle lever 
all the way to the rear^Adjust the high-idle stop 
screw until the specified high-idle speed is 
obtained to test the fuel pressure at high idle. 
Install the gage assembly in the pressure trap of 
the transfer pump, as shown in figure 7-12. If 
f the reading obtained does not fall within the 
prescribed range, the* pump will not driver 
sufficient fuel to obtain full power under load. 
The most common causes of low pressure are 
restricted fuel sjupply, air leaks on the suction 
side of the pump, worn transfeFpump blades, or. 
a malfunctioning regulator valve. 

1*0 test for excessive pressure, remove the 
injection fuel pump timing plate. Be sure you 
make a small hole in the? timing plate gasket as 
you install the gage on the pump. (See fig. 7-13.) 
This hole allows pump pressure to reach the gage 
as you operate the engine at both low and high 
idle. If pressure is excessive, a restricted fuel 
return line is the probable cause, 
i 

To test for restricted fuel supply on the 
suction side of the pump, operate the engine at 
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Figure 7-12.— Gigc installed forichccking transfer pnmp 
pressure. 



Figure 7-13.— Testing pnmp bonsing pressure. 



high idle and read the vacuum developed. If the 
vacuum rejading exceeds 10 inches mercury (Hg), 
check the fuel supply system far dirty filters,, 
pinched or collapsed hoses, or a plugged vent. 

REMOVAL 

If it is determined- that the injection fuel 
pump must be removed from the engine, after 
field testing, be sure to remove all external 
grease and dirt. Keep in mind that dirt, dust, and 
other foreign matter aj^the greatest enemies of 
the injection fuel pump. As a precaution, keep 
all openings plugged during removal and 
disassembly. 

DISASSEMBLY 

The workbench and surrounding area must 
be clean, as well as the tools to be used in 
'disassembly. Have available a clean pan in which 
parts may be placed as you disassemble and a 
pan of clean diesel fuel oil in which the parts can 
be washed and cleaned. 

, After jjiounting the ..pump in a holding 
fixture, clamp the! fixture in a vise. You are now 
ready for disassembly. Fqr pump disassembly, 
follow the step-by-step procedure itf the manual 
for the model pump on which you are working. 
Figure 7-14 illustrates the main internal working 
parts of the Roosa Master fuel injection pump. 
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1. Drive Shift 

2. Distributor Rotor 

3. Transfer Pump 

4. Pumping Plungers 



5. Internal Cam Ring 

6. Hydraulic Head 

7. End Plate 

8. Governor 



81.349 

Figure 7 14. — Roosa Master fuel injection pump. 

CLEANING AND INSPECTION 

* ». 

' Now that you have disassembled the pump, 
all parts must be cleaned and inspected 
carefully. 

Check all O-rings, seals, and gaskets for 
distortion, or damage, and all springs for wear, 
distortiqn, or breakage. Clean and carefully 
check all bores, grooves, and seal seats for 
damage of any kind. Replace damaged parts as 
necessary. 

With care, inspect each part of the injection 
pump for excessive wear, rust, nicks, chipping, 1 
scratches, cracks, distortion, or binding. 
Replace any defective parts. 

REASSEMBLY 

Reassemble in the manner spfecified by the 
manufacturer's maintenance afid repair manual. 

AMERICAN BOSCH FUEL PUMP 

The American Bosch fuel injection pump s 
that is used on the muitifuel engine both, meters 



and distributes fuel. It is a constant-stroke, 
distributing-plunger, sleeve-control type pump. 
As with other fuel systems, only clean fuel 
should be used. Good maintenance of the 
filtering system and reasonable care in fuel 
handling will give trouble-free operation. Fuels 
used in the multifuel engine must contain 
sufficient lubrication to lube the fuel pump and 
injectors! Due to close tolerances, extreme 
cleanliness and strict adherence to service 
instructions are required when it becomes 
necessary to service this pump. 

In this section, we will discuss the Operation 
and troubleshooting of the American Bosch, 
Model PSB pump and the Bosch nozzles that are 
used with the International Harvester engines. 

OPERATION 

The purpose of the fuel pump (fig. 7-15) is to 
deliver accurately measured- quantities of fuel 
under high pressure to the spray nozzle for 
injection. The positive displacement fuel supply 
pump (fig. 7-16) js gear driven by the pump 
camshaft through antngine camshaft gear, and 
provides fuel to the hydraulic head for injection 
and cooling. Fuel injection begins (fig. 7-17) 
when fuel flows around the fuel plunger annulus 
(fig. 7-18) through the open distributing slot to 
the injection nozzle. By continued upward 
movement of the fuel plunger, the spill passage 
passejp through the plunger sleeve (fig. 7-19). 
.This reduces pressure, allowing the fuel delivery 
valve to close which ends injection. This is 
accomplished through a single plunger, multi- 
outlet hydraulic head assembly. (See fig. 7-15.) 
The plunger is designed to operate at crankshaft 
speed on four-cycle engines and is actuated by a 
camshaft and tappet arrangement. The pump 
camshaft, which also includes the gearing for 
fuel distribution, is supported on the governor 
end by a bushing-type bearing and by a ball 
roller bearing on the driven end. An integral 
mechanical- centrifugal governor (fig. ~7-20)~ 
driven directly from the pump camshaft'without 
gearing, controls fuel delivery in relation to 
engine speed. This pump has a smoke limit cam 
within the governor housing to aid in controlling 
the exhaust smoke of various fuels. The 
mechanical centrifugal advance unit of this 
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Figure 7-15.— Metering and distributing fuel pump assembly— left sectional view. 
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HIGH PRESSURE FUEL 
TO INJECTOR NOZZLE 



FUEL OELIVERY 
VALVE 



A — Housing cover E — Idler gear 

B — Supply pump housing F — Check valve spring 

C — Camshaft driven gear G — Check valve 

D — Drive shaft H — Valve screw 

V 

2.534 

Figure 7-16. — Fuel supply pump assembly— sectional view. 



INLET PORT 




FUEL DELIVERY 
VALVE 



Figure 7-17. Beginning of fuel delivery flow diagram. 
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Figure 7-18.— Fuel delivery flow dia 



INLET PORTv 



Spill passage. 




FUEL DELIVERY 
FUEL SUMP VAIVC 



Figure 7-19.— End of fuel delivery flow diagram. 



pump provides up Jo 9° advance timing and is 
driven clockwise at crankshaft speed. 

TROUBLESHOOTING 

Table 7-2 lists the most commbn malfunc*; 
tions and probable causes. Further tests, 
adjustments, and specifications are available 
through the manufacturer's manual which you 
should use for repairs or adjustments. 

TYPES OF NOZZLES 

Bosch nozzles are inward opening with a 
multiple orifice and a hydraulically operated 
nozzle valve. There are two models of this nozzle 
in use— the American Bosch and the Robert 
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A — Fuel control rod 
B — Fulcrum lever 
C — Shaft spring plate 



D — Operating shaft spring 
E — Operating shaft 
F — Operating lever 
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Figure 7-20.— Governor— sectional view. 



Bosch. They may be easily identified by either 
the length of the nozzle tip holding nut or the 
nozzle drilling code on the smaller diameter of 
the nozzle valve body. The American Bosch 
nozzle nut is 3 inches long and the nozzle tip has 
a hand-printed drilling code. The Robert Bosch 
nozzlp nut is 2 inches long and the nozzle tip has 
a machine-etched drilling code. Figure 7-21 
shows a view of the nozzle which identifies the 
.various component parts. Component parts, 
although, similar, are not interchangeable 
between the two nozzles. 




1. Nozzle Body 6. 

2. Spring Retainer 7. 

3. Annular Groove 8. 

4. Nozzle Valve Body 9. 

5. Nozzle Valve 



Nozzle Spring 
Shims 

Orifice Holes 
Nozzle Holding Nut 



Figure 7-21.— Bosch nozzle nomenclature. 



NOZZLE OPERATION , 

The pressurized fuel from the injection pump 
enters the top of the nozzle body and flows 
through a passage in the body and nozzle spring 
retainer. An annular groove in the top face of 
the nozzle valve body fills with fuel, and two 
passages in the nozzle valve body direct fuel 
around the nozzle valve. When the fuel in the 
pressure chamber reaches a predetermined 
pressure, the spring force (adjusted by shims) is 
overcome and injection occurs. Atomized fuel 
sprays fjrom the orifice holes in the nozzle tip as 
the nozzle valve is opened inward by pressurized 
fuel. When injection ends, spring pressure snaps 
the valve in its seat. During each fnjebtion, a 
small quantity of high pressured fuel passes 
between the nozzle valve stem and the nozzle 
valve -body to lubricate and to cool the nozzle 
valve. A manifold which connects to all of the 
nozzles returns this fuel to the tank. 

NOZZLE TROUBLESHOOTING 

By using the field test (Kiene), you can check 
the condition of a nozzle prior to disassembly. 
Remove the nozzle from the engine, and using 
the test pump shown in figure 7-22, check for 
nozzle spray angle and pattern. There are four 
orifices in the nozzle tip and the spray angle 
should be uniform from all four. Also check the 
spray valve opening pressure. A pressure reading . 
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Ttble 7-2*— Troubleshooting Bosch System 



Malfunction 



Probable Cause 



1. Mo fuel output 



2. Fuel output cannot be controlled. 



3. Fuel leakage into oil lubrication system. 



4. Fuel leakage around the fuel control unit. 



5. Fuel leakage around the hydraulic head 
assembly. 

6. Uneven fuel distribution. 



7. Excessive vibration. 



a. Operating shaft frozen in operating shaft 
bearing. > 



b. Operating shaft spring plate broken or not 
engaged with fulcrum lever or operating 
shaft, a 

c. Fuel control rod bent or broken. 

d. Sheared plunger guide in hydraulic head 
assembly. 

^. Incorrect idle and firi^speed adjustments. 

b. Operating shaft spring nof engaged with 
fulcrum lever or operating shaft. 

c. Fuel control rod* bent or broken. 

a. Hydraulic head lower ring gasket damaged. 

b. Worn fuel plunger. 

c. Worn supply pump housing oil seal. 

a. Control unit packing damaged. 

b. Fuel control unit assembly worn. 

Head upper ring gasket damaged. 

a. Inner plunger spring broken. 

b. Worn fuel plunger. 

c. "Fuel plunger sticking. 

a. Excessive camshaft runout. 

b. Governor weight and spider worn or 
damaged. ^ 

"NfT Camshaft ball bearing worn or damaged. . 

d. Camshaft bushing-type bearing worn or 
damaged. 

e. Advance unit housing bushing-type bearings 
worn or damaged. 

f. Advance unit weight and spider worn or 
damaged. 
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Figure 7-22.— Test pumpl 



that is more than .50 psi below the valve's 11 
specified opening pressure indicates a need to 
adjust the pressure by adding shims. Next, test 
the leakage past the seat' and stem. If this 
leakage is excessive, due to wear, install a new* 
riozple valve. 

Proceed with nozzle 'disassembly only a£tet 
you have performed these and other tests^ 
prescribed in the test manual. While testing, 
record the results, of the tests for each nozzle. 
They can help you determine the nature and , 
extent of necessary repairs. 

* NOZZLE DISASSEMBLY 

Before disassembly of the nozzle, clean the 
external area with cleaning fluid or clean diesel 
fuel oil, using a brush with long bristles. Keep 
the disassembled nozzles separated to prevent % 



mixing .the various components. During 
.•inspection, refer to the test results which are 
used as a guide to determine the extent of 
reconditioning necessary. * 

NOZZLE CLEANING AND 
INSPECTION 

After you jiave disassembled the" nozzle, 
"make sure eash disassembled nozzle has been 
placed in a separate pan containing a cleaning 
solvent or clean diesel fuel oil. Soak the tips in a 
good carbpn solvent for the length of time 
prescribed by th^ manufacturer. As a word of 
caution, remember NOT 1 to mix the tips 
together. Eacfi tip must be reassembled with its 
owrt group of parts. 

Be careful when the spray holes of the nozzle 
tip are cleaned so as not to enlarge or damage • 
them. Use a magnifying glass during your 
inspection for signs of scratches,' corrosion, or 
erosion on the spring retainer, the nozzle body 
holder, and the valve body face. Also, chetk the 
stem and the body of the valve, making sure they 
do not bind. 

NOZZLE REASSEMBLY 

Reassemble it in the manner prescribed and 
specified by the manufacturer's maintenance 
and repair manual. 

CHECKING THE NOZZLE < 
AFTER REASSEMBLY 

Before you install the nozzle in the engine, 
rfftfSf it for (1) spray angle and pattern, (2) valve 
opening pressure, and (3) leakage past the seat 
and stjem. When test results ar^goqyd, install the 
nozzle in the engine. 



GENERAL MOTORS 
FUEL SYSTEM 

^he General Motors fuel system includes fuel 
injectors, fuel pipes, fuel manifolds, fuel pump, 
fuel strainer, fuel filter, and fuel lines connecting 
the fuel tank. This system* depends on the 
injection of the correct amounT of fuel at exactly 



the right time into the combustion chamber. 
Efficient engine operation demands that the fuel 
.system be maintained in first-class^condition at 
all times. Ustfonl) clean, water-free fuel. Good 
maintenance of the fuel filtering system and 
reasonable care in handling tbe fuel is the key to 
a trouble-free fuel system. ' 

Servicing the fuel system is not a difficult 
task and may be performed by most mechanics. 
However, due to the clo§e tolerances of the 
various fuel system components, extreme 
cleanliness and strict ^dherence to service 
instructions are required. 

In this section, troubleshooting, disassem- 
bly, inspection, reassembly, and testing of the 
fuel pump and fuel injector are discussed. Prior 
(o performing any work* on these components, 
refer to the manufacturer's maintenance and. 
service manuals. 

TROUBLESHOOTING 

When a piece of equipment is brought into 
the shop for maintenance and servicing, the hard 
card or Equipment Repair Order (ERO) may 
show a fuel system problem. A method of 
pinpointing the problem is by troubleshooting 
the fuel system until the trouble is located. 

Check the fuel lines for improper or faulty 
connections. If any leaks occur, tighten the 
corfhection only enough to stop the leak. Also, 
check-the filter cover bolt for ^tightness. If the 
fuel pump fails to functiorj satisfactorily, first 
check the level of the fuel tank- then make sure 
the fuel supply valve is open. Check for a broken 
pump driveshaft or drive coupling by inserting 
the erid of a wire through one of the pump 
flange drain holes, then crank the engine and 
note if the wire vibrates. Vibration will be felt if- 
e pump shaft is turning. 

Mostftuel. pump failures result in no fuel or 
insufficient fuel t>eing delivered to the fuel , 
injectors. This lack of fuel will show up if the 
engine juns unevenly, vibrates too much, Stalls 
at idling speeds, or loses power. * 

The most common failure of a fuel ptfmp is ^ 
sticking relief valve. The relief valve, due to its 



close fit in the valve bore, may stick in a full 
open position due to a small amount of grit or 
foreign material lodged between tfie relief valve 
and its bore or seat. The fuel Oil circulates within 
the pymp rather than being forced through the 
fuel system. Therefore, if the fuel pump is not 

* functioning properly, remove the fuel pump 
from the engine. Then, rerncwe the relief valve 
plug, spring, and pin, arwf check the movement 
of the valve within the valve bore. If the valve 
sticks, recondition it by using the fine emery 
cloth to remove any scuff marks. Clean the valve 
bore and the valve components. Then, lubricate 
the valve and check it for free movement 
• throughout t.he entire length of its travel. If its 
operation is satisfactory, reassembleahe valve in 
the pump. If not, replace it. 

After the relief valve has been checked, and 
the fuel pump reinstalled on the engine, start ^he 
engine and check the fuel flow at some point 
between* the restricted fitting in the fuel return 
manifold and the fuel tank. 

If, after making the above checks, there is 
still a lack of power, uneven running, excessive 
vibration, or stalling at idle; suspect a faulty 
injector in one or more cylinders. Start the 
engine and run it at part load* until it reaches 
normal operating temperature. Remove the 
valve rocker cover(s) and then let the engine run 
afc idle speed. Hold the injector follower down 
with a screwdriver which prevents operation of 
"the injector. IT the cylinder has been misfiring, 
there will be fto noticeable difference in the 
sound or operation of -the engine. If the cylinder 
has been' firing properly, there will, be a* 
noticeable difference in the sound and operation 
when the follower is held down. If that cylinder 
is firiifg properly,, repeat the procedure on the 
othVr cylinders until the faulty one has been 

* located. 

% Provided that the injector operating 
mechanism of the faulty cylinder is functioning 
satisfactorily, remove the fuel injector for 
additional testing. 1 - 

TESTING 

The General Motors injector tester provides 
3 means for, determining the condition of the 
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injector tcs avoid unnecessary overhauling. An 
injector that passes all of the tests outlined 
below may be considered to be satisfactory for 
service without disassembly, except for the 
visual check of the plunger. However, an 
injectot that fails tp.pass one or more of the tests 
is unsatisfactory.! Be v sure to identify, each 
injector and record the pressure drops^and fuel 
output during the tests. Also remember, all tests 
must be performed BEFORE ^he injector is 
disassembled. 

To perform the INJECTOR CONTROL 
RACK AND PLUNGER MOVEMENT TEST, 
place the injector against a bench, as shown in 
figure 7-23, and depress the follower to the 
bottom of its stroke while the rack is moved 
back and forth. Failure of the rack to move 
freely indicates thatl the internal parts of the 
injector are damaged or dirty. 

CAUTION: Always hold the injector so that 
fuel spray will* not penetrate the skin and poison , 
the blood. 

v 

• The purpose of the VALVE OPENING 
PRESSURE TEST is to determine the pressure 
at which the valve opens and injection begins. 
Place the' injector in the tester. (See fig. 7-24») 
Operate the "pump handle until all air is purged 
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Figure 7-24*— Injector installed in tester. 



Eigure 7-23.— Checking rack and plunger freeness. 



from the injector tester and the injector. Then, 
close the outlet clamp. As a word of caution, 
tohen^an injector that has just been removed 
from the engine is tested, the, flow of fuel 
through the injector on the tester should be the 
same as it was on the engine. If required, fuel 
connections on the tester may be reversed to 
obtain the proper fuel flow. 

j . L 

With the' injector rack in the full-fuel 
position, pump the handie of the injector tester 
with smooth even strokes (See fig: 7-25.) and 
record the injector valve opening pressure. The 
specified valve opening pressure for the crown 
'or high valve injector is 450 to .850 psi. For the 
needle valve injector, the specified opening 



Chapter 7— DIESEL FUEL SYSTEMS 




« 2.499 
Figure 7-25.— Checking hijector v»lve opening pressure. 



pressure is 2000 to 3200 psi. If the pressure is not 
within limits, check the manufacturers-^-/ 
maintenance manuals for probable causes and 
corrections. 

The HOLDING PRESSURE TEST will 
determine whether the various lapped surfaces in . 
tljp injector are sealing properly. 

By bringing the pressure up to a pointr just 
below the' valve opening pressure (450 psi for 
crown, needle, and high valve injectors), and 
then closing off the fuel shut-off valve, the 
pressure will drop. The time, for the pressure to 
drop from 450^)5^0 250 psi must not be less 
than 40 seconds. If the injector pressure drops 
from 450 psi to 250 psi in less than 40 seconds, 
checl^ the injector as follows: -» 

1. Thoroqjehly.dry the injector. 

2. Open the injector tester fuel valve and 
operate the pump to maintain the test pressure. 

3. Check for a leak at the injector rack 
opening. A leak indicates a poor bushing-to-, 
body fit. " 



4. A leak around the spray tip or seal ring 
usually is caused by a loose injector nut; a 
damaged seal ring, or a burned surface on the 
injector nut or spray tip. 

5% A leak at the filter cap indicates a loose 
filter cap gasket. 

6. A "dribble" at the spray tip orifices 
indicates a leaking valve assembly due to a 
damaged surface or dirt. Leakage at the tip will 
cause preignition in }he engine. 

NOTE: A drop or two of fuel at the spray tip 
is only an indication of the\fuel trapped in the 
spray tip at the beginning of^the test and is not 
detrimental as long as the pressure drop* \ 
specified is not less than 40 seconds. 

The HIGH PRESSURE TEST is performed 
to discover any fuel leaks at the hijector filter 
cap gaskets, body plugs, and nut seal ring which 
dfllBPt appear during the ralve holding pressure 
tesLJfhe high presstlreWtest, also indicates 
whether the injector plunger and .bushing 
clearance is satisfactory. - . 

r 

Place^the injector rack in tKe FULL-FUEL 
position, and operate the pump handle (See fig. 
7-26.) to build up and maintain the pressure of 
1600 to 200oWi. Then, inspect for leaks at ttyfe 
injector filterVcaV gaskets, body plugs, and 
injector nut seal ring. 

Use the adjusting screw in the injector tester 
handle to depress the 'injector plunger just far 
enough to close both ports in the injector 
bushing. Both ports are closed if the injector 
spray decreases and the pressure rises. Now, you^f 
can determine the condition of the plunger and 
bushing. Excessive clearance between the 
plunger and bushing means that pressure -will 
,not rise beyond the normal ^ valve-opening 
,N pressure. Replace the plunger and bushing. 

A SPRAY PATTERN TEST is performed 
after completing the valVe holding pressure test- 
After placing the injector in the tester, open th\ 
fuel snut-off valve, then place the injector rack " 
in the FULL-FyEL position and operate .the 
, injector several times ih Succession bypumpirig 
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. Figure 7-26.— Injector high pressure test. 

* • -i 

the tester handle (See fig. 7-2^.> at approx- 
imately 40 strokes per minute. Observe, the 
spjay pattern io see that all of the spray tip 
orifices are open and injecting evenly. The 
beginning and ending of injection should be 
sharp and the fuel injected should be finely 
atomized. t 

• * - 
If all the spray tip orifices are not open and 
injecting evenly, clean thef orifices in the spray 
tip during injector overhaul. 

CAUTION: To prevent damage' to the 
pressure gage, do not exceofi 250 psi during this 
test. . > 

A visual inspection of the injector plunger 
should be made even if the injector passes all of 
the Qrevious tests. The plunger is visually 
checked under a magnifying glass for excessive 
. , wear or a possible chip on the bottom helix*. 
There is a srriall area on the bottom helix and the 
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Figure 7-27.— Spray pattern test. 



lower portion of the upper helix, that, if 
chipped, will not be indicated iq any of the tests. 

A FUEL OUTPUT TEST is performed to 
check injector fuel output. To test the injector, 
. place it in the comparator (See fig. 7-28.), and 
seal the injector firmly by tightening the 
handwheel. Pull the injector rack ont to the NO- 
FUEL position and st#rt the comparator. After 
the comparator has started, push the injector 
rack to the FULL-FUEL position/ Let the 
injector run for approximately 30 seconds to 
purge air in the system. After 30 seconds, press 
the fuel flow start button to start the flow of fuel , 
intQltfe vial. The comparator will automatically 
stop the flow of fuel after a thousand strokes. . 
Aft^the fuel has stopped flowing into the vial, 
be sure to pull the injector'rack out to the NO-. 
FUEL position. Turn the comparator off, reset 
the counter, and observe the reading on the vial. 
Refer to the ctfart on the comparator and, see if 
the injectorfuel output falls within its specified 
limits. If the quantity of fuel in the vial does not 
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Figure 



2.502 

Comptrator used to check injector fuel 
output. 



fall within the specified' limits, refer to th6 
manufacturer's manual for the cause and 
remedy. 

Any injector which has been disassembled 
and rebuilt must be tested again before being 
placed in service. * ■ 

INJECTOR DISASSEMBLY 

An injector to be disassembled is placed in 
the injector assembly fixture * to. remove filter 
caps, springs, filter elements, and gaskets. Be 
sure to discard the filter elements and gaskets 
and replace them with new components during 
reassembly. 



Disassembly is completed in the manner 
prescribed by the manufacturer's repair and. 
maintenance manual. 

INJECTOR CLEANING 
AND INSPECTION^ 

After disassembly of the injector, be sure 
you keep each injector and its frarts together in a 
separate receptacle containing a cleaning solvent 
or clean diesel fuel oil. 

Wash all the parts and dty them. Do not use 
waste or rags for cleaning. Clean out all 
passages, drilled holes, and slots in all of the 
injector parts. i 

Injector spray tips should be soaked in a 
.suitable solvent for approximately^ minutes to 
loosen the carbon on the inside of the tip. Then, 
they can be reamed out by using the proper size 
spray tip* cleaning wire. , • 

Inspect injector parts for excessive wear, 
damage, defects, burrs, scratches, scoring, 
erosion, or chipping. Replace damaged or 
excessively worn parts. 

Before reinstalling used valve parts in an 
injector, lap all of the scaling surfaces, such as 
the bottom of the injector body, the injector 
bushing, the vahe seat, the valve cage, the check 
■ valve, and the spray tip. 



INJECTOR REASSEMBLY 



0 



As with the other type of jnjectors mentioned 
in the pr^ious sections of this chapter, 
reassembly of the injector will be in the manner 
prescribed by the manufacturer's maintenance 
and repair manuals. 



• CHECKING THE INJECTOR 
/mter REASSEMBLY 



.Before placing a reconditioned injector in 
service, perform all of the tests (except the visual 
inspection, of the plunger) previously outlined 
''under the headingj^testing." 

The injector Satisfactory if it passes these 
tests. Failure to pass any one of these tests 
indicates that defective or dirty parts have been 
assembled. In this case, disassembly clean, 
inspect, reassemble, and test the injector again. 
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CUMMINS PRESSURE TIME 
FUEL SYSTEM 

The Cummins Pressure Time (PT) fuel 
system consists of the fuel pump (with governor 
and often an Aneroid valve), the supply and 
drain lines, and the injectors. 

As in previous sections of the chapter, we 
will cover troubleshooting, disassembly, 
inspection, reassembly, and testing of 
components. Remember, b # efore performing any^ 
service on the PT injector 'or pump, refer to the 
manufacturer's maintenance and repair 
manuals! 

TROUBLESHOOTING 

Troubfeshooting is an organized study of the 
problem and a planned method of procedure to 
investigate and correct the difficulty. 

Most troubles are simple and easy to correct; 
examples are 1 'excessive fuel oil consumption'" 
caused by leaking gaskets or connections, etc. A 
complaint of "sticking injector plunger" is 
usually corrected by repairing or replacing the 
faulty injector, but something caused the 
plunjger to stick. The caQse may ^eTmproper 
injector adjustment, or, more often, water in the 
<fuel. 

In general, the complaint of "low-power" 
will be the most troublesome to correct because 
of the many variables in operation and 
installations, as well as the difficulty of correctly 
m^suring power in the field. With the PT fuel 
system, you can often eliminate the pump as a 
source of trouble pimply by checking to see that 
the manifojd pressure is wijhin specified limits. 
The fuel rate of the purjjp must not be increased 
to~ compensate for a fault in other parts of the 
engine; damage to the engine will result. 

To J:hec k the fuel pump on the engine, 
remove the pipe plug frota the pymp shut-off 
valve and connect the pressure gage line. At 
.governed speed (just before the governor cuts in) 
maximum manifold pressure should . be 
obtained. If the manifold pressure is not within 
specified limits, adjust 4 for maximum manifold 



ft 





pressure by adding or removing shims from 
under the nylon fuel adjusting plunger in the 
bypass valve plunger. Take care noAo lose the 
small lockwasher which fits between the fuel 
adjusting plunger and the plunger cap. 

To check the suction side o£ the pump, 
connect the suction gage to the inlet sid? of the 
gear pump. The valve in the ppmp, if properly ' 
adjusted, should read 8 inches on the gage. 
When the inlet restriction reaches 8.5 to 9 
ihches, a fuel filter element change should be 
made or any other .sources of, restriction 
removed. The engine will lose power when the 
restriction is greater than 10 to 11 inches. " 
3 

Always make the above checks on a warm 
engine and operate the engine for a minimum oC 
5 minutes between checks to clear the system of 
air. , 

* * 

When pump manifold and suction pressures' 
are within specified limits and there is still a loss 
of power, the'injectors must be checked. 

Carbon in the PT injector metering orifices 

iestricts the fuel flow to the irfjector cups with a 
esulting engine power loss. Carbon can- be 
Amoved from the metering orifices by reverse 
flushing; it should be performed on a warm 
engine. f 

Loosen all injector adjusting screws one turn 
from the bottom or one and one-eighth tu;ns 
from the set position. Lock with the jamfttit 
after completing the inquired turns. 

Start the engine and accelerate with 
maximum throttle ftpm idling to high— 10 to 15 
times. ' ^ 

Readjust the injectors to (their standard 
setting. 

The engine will be difficult to start with the 
loose injector setting— it will smoke badly and 
tfttl be sluggish. If the injector adjusting screws 
are loosened, the metering orifice will nob be 
closed during injection. Extremely high injection 
pressure will force some of the fuel to backflow 
through the orifice and should remove carbon * 
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deposits. If this method is not effective, remove 
the injectors for cleaning. 

When working on the PT fuel system of a 
turbo-charged Cummins engine, you may 
, encounter an Aneroid control device.. This 
device creates a lag in the fuel system so that its 
response is .^equivalent to that of the 
turljocharger, .thus controlling the engine smoke 
level. «*> 

It is recommended that the Aneroid not be 
removed, disconnected, or otherwise rendered 
ineffective on this engine, nor should the settings 
be altered. The exception, of course, is during 
troubleshooting of the fuel system when the 
\ Aneroid is checked according to the 
^manufacturer's specifications, as are other 
components of the fuel system. - 
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PUMP DISASSEMBLY 

If it is determined after* troubleshooting that- 
the fuel pump (See fig. 7-29.) must be removed 
irom the engine, be sure the pump is cleaned of 
all dirt. Be sure the shop ar^a is clean and use 
clean tools. Good cleaning practices must be 
< used, for they are essential to good quality fuel 
pump repair. Special care must be taken when 
the PT fuel pump which is made of a lightweight 
aluminum alloy is disassembled. Be sure proper 
tools are used to prevent damage to its machiped 
surfaces which are more easily damaged than 
parts made of cast iron. 

Before disa^€pbling the unit, always try to 
determine, ..rrpossible, which parts need 
replacement. 



\ 
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Figure 7-29.— Cummins PT fuel pump. 
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After placing the fuel pump on the' holding 
device, place the devibe in a vise and proceed 
with the disassembly of the' pump. Follow the 
procedures given in the manufacturer's 
maintenance and repair manuals. 

PUMP CLEANING 
AND INSPECTION 

Now that the pump has been disassembled, 
.clean and inspect all parts. Parts must not be 
discarded untUjthey are worn beyond reasonable 
replacement limits. The PT fuel pump parts will 
continue to function lpng after fliey show some 
wcarf Parts that are worn beyond reasonable 
replacement limits .must not' be reused. FronT 
experience you will quickly learn the 
"reasonable replacement limits/ 9 and reuse all 
those parts ti^gt will give another complete 
period of service without danger of faifyfe. 

NOTE: Special care must be taken when 
aluminum alloy parts are cleaned. Some cleaning 
solvents will attack and ^ corrode aluminum. 
Mineral spirits is a good neutralize* after using 
* cleaning solvents.^ >' M " ^ + 

PUMP REASSEMBLY 

After a complete cleaning and inspection of, 
the pump and puriTg parts, the pump is 
" reassembled '-in the manfter prescribed by 
manufacturer's manual. In all assembly 
•operations, be careful to rempv? burrS and us* a 
good extreme pressure lubricant on the mating 
surfaces during tail pressing operations. An 
extreme pressure lubricant aids in pressing and " % 
prevents scoring and galling. , ^ % 

• Flat steel washers are used throughout; they 
go next to the aluminum to prevent goring by the 
spring steel lockwashers. 
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PUMP -TESTING ^ \: 

fuel pump is mounted on a test staifd 
as shown in figure 7-30. In the. test, the pressure 
from the PT pump Ms measured and adjusted 
bqfore the pump is placed on the engine. 




Figure 7-30.— PT pump mounted on test stpnd. 



Pre/sure is developed across special orifices 
in the 6rifrcfr block assembly and is measured on* 
the gages provided. 

. All pump tests jshould be made with the 
testing fuel oil temperature between 90° and 
100° F. 

Open the fuel shut-off valye and manifold 
orifice ^valve^Open the»stand throttle, starf and 
run tfi* pump at 500 rpm's until the manifold 
pressure gage shows the recommended pressure^ 
If the pump does not pick up the specify 
pressure, iheck for closed valves in the 
line or for an air leakd * 

If thg^wrfhp is newly re-built, run at* 1500 
rpnWyfor five minutes to fluSh the pump and 
alio/ the bearings/to seat. Continue to run the 
pump at 1500lrpm's an4 turn jht rear throttle 
step screw in* or out tb find the maximum' 
manifold pressure at full throttle. 
• 1 
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NOTE: With a standard governed pump, the 
throttle screws will be re-adjusted later. If the 
pump has a variable speed governor, the throttle 
shaft is locked in full throttle position; do not re- 
adjust. On a dual or torque converter governor 
pump, the throttle must be4ocked4n the shut-off 
position and the converter-driven governor idle- 
adjusting screw turned "in M until the spring is 
compressed. The converter-driven governor 
must be set on the engine.* 

The pump idle speed is set by closing the 
bypass and manifold orifice valves and opening 
the idle orifice valve. Set the pump throttle to 
idle and run at 500 rpm's. To decrease or raise 
the idle pressure, add or remove shims from 
under the idle spring. Remember not to set the 
idle screw until you have adjusted the throttle 
screws. 

Once the tests and adjustments have been 
completed in accordance with the specification^ 
recommended by the manufacturer, remove the 
pump from the test stand, faking sure that the 
suction fitting is not .remCryed or disturbed. 
Next, loosen the spring pack coyer and drain the 
pump through the pfpe plug at ^ie bottorti of the 
pump body. Be sure to cover ^11 openings and 
bind fittings with ttfpe until ypu are ready to 
install the pump. 

INJECTdfl MAINTENANCE 
AND TESTING 



In i the PT fuel system, fuel is metered by fuel 
pressure against the"* injector's metering orifice. 
Any change in fuel pressure, metering orifice, or 
timing will affect the amount of fuel delivered to 
the combustion chamber. 
A 

Two things will interfere with the normal 
functions of injector orifices: 

1. Dirt or carbon in the orifices or in the 
passages to and from the orifices; 

. 2. A change in the size or shape of the ori- 
fices^ particularly caused t*y improper cleaning 
of the orifices. 

\ ' 



After soaking dirty injectors in a cleaning 
solvent to remove the carbon, be sure to dip the 
injectors into a neutral rinse, such as mineral 
spirits, and then dry them. 

NOTE: Never use cleaning wires on PT fuel 
injector orifices. 

Be sure to use a magnifying glass to inspect 
the injector orifices for damage. When the 
injector orifices are damaged, they cannotjbe 
made to function properly and must be replaced. 

Check the injector for a worn plunger or 
injector body. Worn injectors may cause engine 
oil dilution from excessive plunger to bqdy 
clearances. Dilution may also result from a 
cracked injector body or cup, or a damaged 
"O" riQg. To check the injector for leakage, it 
must beassembled. Remember to plug off the 
injector inlet and drain connection holes, then 
mount it on the injector test sXand. 

Test the injector at a maximum of 1000 psi 
with the fuel flowing upward through the cup 
spray holes. If the counterbore at the top of the 
injector body fills with fuel in less than 45 
seconds, the plunger clearance is excessive and 
may cause engine oil dilution. Daring this 'Check, 
inspect the injector for leads' around the injector 
cup, body, and plugs. If the injector does not 
pass the te^t and checks, remove the damaged, % 
parts and replace with new parts. 

Any time you remove an injector plunger, be, 
sure to use the lubricant recommended by the 
manufacturer upon replacing the plunger in the 
injector, body. - 1 

If the injector plunger does not seat in* the 
injector cup, change the cup rather' than trying 
to lap the plunger, and cup together. 4 Lapping* 
wilfchange the relationship between the plunger 
groove and metering oVifice, and disturb fuel 
metering. Always .use a new injector cup gasket 
when you assemble the cup to the injector body 
to avoid distortion of the cup. When the cup is 
tightened to the injector body, the gasket 
compresses everywhere, except under the milled 
slot, on the end of the injector body; then, if the 
gasket is reused, the uncompressed areas* may 
cauSe the injector cup to cock and prevent the 
injector plunger from seating properly. 

0 



9 

ERJC 



7-25 



CONSTRUCTION MECHANIC 1 & C 



AIR INDUCTION SYSTEM 

The purpose of an air intake system is to 
supply the air needed for combustion of the fuel. 
In addition, the air intake system of a diesel 
engine will have to clean the intake air, silence 
the intake noise, furnish air for supercharging, 
and supply Scavenged air in two-stroke engines. 

the three major components of the air 
induction system which" increase internal 
combustion engine efficiency are blowers, 
superchargers, and turbochargers. They may be 
of the centrifugal or rotary type, or they may be 
gear driven directly from the engine, belt 'or 
chain driven, or driven by the flow of exhaust 
gases from the engine. 

We will cover, in the following sections, 
certain abnormal conditions of air induction 
system components which sometimes interfere 
with satisfactory engine operation, Also, 
m^t^fods of determining causes of such 
* conditions will be covered. Prior to performing 
any work on these components, make sure you 
follow the recommendations given in the 
manufacturer's service manual. 



BLOWERS 

Scavenging blowers are used to clear the 
cylinders of exhaust gases to introduce a new 
charge of fresh air. Superchargers *md 
turbochargers increase the power output oi. 
specific engines by forcing air into the* 
combustion chambers so that an engine can burn 
more fuel and develop more horsepower than if 
it were naturally induced. 

Blower Inspection 

The blower, as shown in figure 7-31, may be 
inspected for any of the following conditions 
without being removed from the engine. 
However, Jhe air silencer or air inlet housing 
must be removed. A word of caution, when a 
blower on an engine is being inspected with the 
engine runmng; keep your fingers and your 
clothing away from moving parts of the blower 
and be sure to run the engine at low speeds only. 



Dirt or chips, drawn through the blower, will 
make deep scratches in the rotors and housing 
and throw up burrs around these abrasions. If 
the burrs cause interference between rQtors or 
between rotors and blower housing, the blower 
should be removed from the engine and the paYts 
dressed down to eliminate this interference, or 
the rotors should be replaced if they are too 
badly scored. 



Oil on the blower rotors or inside surfaces of 
the housing means that oil seals leak. Run the 
engine at low speed and focus a light into the 
rotor compartment at the end plates and oil 
seals. A thin film of oil radiating from the seal 
shows an t>il leak. 

A worn blower drive, resulting in a rattling 
noise inside the blower, may be detected by 
grasping the top rotor firmly ahd attempting to 
rotate it. The rofor mayniove from 3/8 inch to 
5/8 inch, measured at the lobe crown. When 
released, the rotor should move back at least 
one-fourth inch. If the rotor cannot be moved 
this distance, or if the rotor moves too freely, 
thfc flexible, blower chive coupling should be 
inspected and replaced, if necessary. • 

If a check shows the drive coupling to be 
worn, the blower drive assembly may be 
removed from the cylinder block end plate. 
After the blower has been removed from the 
engine, the drive gear hub bearing support-to- 
cylinder block end plate bolts are removed. 

Loose rotor shafts or damaged bearings will 
cause rubbing and scoring between the crowns 
of the rotor lobes and the mating rotor roots, 
between rotors and end plates, or between rotors 
and the blower housing. Generally 'a 
combination of these conditions exists. 

Excessive backlash in the bldwer timing gears 
usually results in* rotor lobes rubbing throughout 
.their length. 

> 

To correct any of the above conditions, the 
blower must be removed from the engine and - 
either repaired or replaced. ♦ 

The blower inlet screen should be inspected 
periodically fof dirt accumulation which, after 
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2. Housing 

3. Rotor, Blower, Upper 
, 4. Rotor, Blower, Lower 

5. Bearing, Front 
9. Bearing, -Rear 

13. Gear, Rotor, Upper 

14. Gear, Lower, Rotor 

20. Hub, Rotor Drive 

21. Bolt 

22. Bolt 

23. End Plate, Front 

24. End Plate, Rear 

27. Seal, Oil, RQar 

28. Cover, End Plate, Front 
104. Housing, Flywheel 

106. Cover, Water Pump Inlet 

11 5. Plate, Blower Rotor Drive Hub 



29.^ Cover End Plate Rear 
33/.Cov6r t Blower Drive Shaft 

37. Seal, Drive Shaft Cover 

38. Shaft, Blower Drive 

40. .Shaft Coupling ^ 

41. Bolt 

42. Gear Blower Drive 
48. Support 

53. Coupling Assembly 
99. Pump Fresh Water 

100. Housing, Governor Weight 
• 101. Pump, Fuel 

102. Elbow 

103/ End Plate 

105. Fork 

114. Clamp, Drive Cover Seal 
116. Spacer, Plate to Gear 



Figure 7-31.— Blower and drive assembly and accessories. 
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prolonged operation, may affect the airflow. 
Wash the screen thoroughly in clean fuel #il and 
clean it with a stiff brush until no dirt remains. 

The air box drains should always be open. 
Check them reguiarly and make sure the' 
passages are clean. If liquid collects on tfte air 
box floor, a drain tube may be plugged. Remove 
the cylinder block handhold covers. Wipe the 



dirt out with rags or blow it out with filtered 
compressed air. Then remove the drain tubes 
and connectors from the cylinder block and 
clean .them thoroughly. 

Blower Removal and Disassembly 

« 

' Having inspected the blower and^determined 
the extent of recondition necessary, remove and 
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disassemble the blower. Do what ihe 
instructions say in the manufacturer's 
maintenance and service manuals. 

After the assembly has bbn removed, be 
careful when disassembling not to damage any 
parts. Be sure you use the proper tools and 
follow recommended disassembly procedures, 
particularly when the blower drive, driven gears, 
and timing gears from the rotor shafts are 
removed PuJI them from the rotor shaft at the 
same time, or you will damage the rotors. 

Cleaning and Inspecting 

After the blower has been disassembled, all 
parts should be washed in cleaning solvent'or 
clean fuel oil, blown dry with filtered 
compressed air, ^and inspected before 
reassembly. 

Wash the bearings by rotating them by hand 
ill either cleaning solvent or fuel oil until they are 
free from grease and foreign matter. Clean the 
balls, (or rollers) and races by directing air 
thrqugh the bearing, at the v same time, rotating 
by hand. Do not ^pin the bearing -with air 
pressure. 

After cleaning thoroughly, again rotate the 
bearing by hand and inspect it for rough spots. 
The bearings should run free and show no 
indications oU roughness. The double-row - 
bearings are preloaded and have no end pla^. A 
new double-row bearing will seem to have 
considerable resistance to motion when revolved 
bv hand. 

Check, ail seals in the end plates and, if 
necp^aTyr^eplacc. When the blower is being 
^conditioned, the installation of new seals is 
Tecommended. * 

i ; 

Inspect blower rotor lobes for smoothness. 
Inspect rotor shaft serrations and bearin'g 
surfaces tor wear or burrs. 

( heck the finished faces of the end plates to 
see that they are smooth and flat. 

Check the finished ends of the blower 
housing, which receive the end plates, to see that 



they are flat and free from burrs. The end plates 
must set flat against the blower housing. 

Check blowe^pikrrtng^ears for- wear or 
damage. If either timing gear is worn or 
damaged sufficiently to require replacement, 
both gears must be replaced as a set. 

Inspect the inside of the housing to see that 
the surfaces are smooth. The blower drive shaft 
should be straight and true. Shaft serrations 
should be clean and straight. 

Replace all worn or excessively damaged 
blower parts. 

Blower Reassembly 

With all blower parts cleaned and inspected, 
reassemble the blower as prescribed in the 
manufacturer's maintenance and service 
manuals. 

SUPERCHARGERS 

A diesel engine 'may be equipped with a 
supercharger (See fig. 7-32.) which is a gear- 
driven air pump that employs rotors to force ai 
into the engine cylinders when a requirement fo 
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Figure 7-32.-— Supercharger. 
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more power exist. The supercharger must be 
maintained periodically. 

Remove the supercharger's outlet connection 
and visually check the ends of the rotors and 
case for evidence of oil leaking from the 
supercharger seals. Rotors will always show 
some oil from the vapor tube which is connected 
to a rocker housing cover. However, only the 
appearance of "wet" oil at the ends of thehotors 
woiild be cause for changing the^upercharger's 
seals. Be sure to check the lubricating oil lines 
\ and connections for any leaks and correct if 
needed. 

Removal * 

When the supercharger has to be removed 
from the engine, follow the procedures given in 
the manufacturer's service manual. 

Disassembly * 

If you have to disassemble the supercharger, 
be careful when you remove the intake and 
^ „ discharge connections. Be sure to cojver both 
openings. To prevent damage to its finished 
surfaces, u^uetfv made from aluminum, wash 
the outside of t\ie supercharger with mineral 
spirits. 

Use the service tool kit furnished and follow 
recommended disassembly procedures in the 
manufacturer's maintenance and service 
manuals. 

Cleaning and Inspection 

As 

' As the supercharger parts kre disassembled, 
clean and dry them thoroughly with filtered 
/ compressed air. Be sure to discard all used 
gaskets, oil seals, recessed washers, roller 
.bearings, and ball bearings and replace with new 
ones. 

Inspect the rotors, housing, and end plates 
for cracks, abrasions, wear spots, and buildup, 
of foreign material. Smooth all worn spots 
found with a fine emery cloth. Discard cracked,\ 
broken, jot damaged parts. Remember, rotors 
and shafts arc not separable and must be 
replaced as a matched set or unit. 



Inspect the drive coupling for worn pins, 
distorted or displaced rubber bushings, and 
damaged or worn internal splines. Examine the 
hub surface under the oil seal and replace the 
coupling if its surface is grooved or worn. 

Check the gear fit on the potor shafts, and 
the gear teeth for evidence of chatter and wear. 
Replace tlie rotors and gears if not within the 
required tolerances. 

Inspect all dowels, oil plungers, piston ring 
seals, and gasket surfaces. Replace as necessaty. 

Reassembly 

After you have inspected, ' cleaned, and 
replaced worn or damaged parts, put the 
supercharger back together as prescribed in the 
manufacturer's maintenance and service 
manuals. 

Upon complete reassembly, and after the 
supercharger is installed*^ the"engine, add the* 
proper quantity of, recommended engine 
lubricating oil to the gear end plate through the 
pipe plughole. 

TURBOCHARGERS 

The turbocharger (See fig. 7-33.) is a unit 
driven by exhaust gas to force (charge) air into 
the diesel engine cylinders for more complete 
burning of fuel and tp increase engine power. As 
with any air induction component, the 
turbocharger is subject to environmental 
situations which^could result in a turbocharger 
failure. 

The real problem lies not fixing the failure, 
but in determining the cause. Replacing a failed 
turbocharger without first determining the cause 
will, more often than not,, result* in a repeat 
failure. - . 

The things which can cause a- turbocharger to * 
fail are many and varied, but they can_£c 
grouped into the following categories: 

1. Lack of lubricating oil. 

2. Foreign material or dirt in the lubricating 
system. 

3. Foreign' material in cither the exhaust or 
air induction system. 

4. Material or workmanship. 
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Figure 7-33.— Turbocharger (cutaway view). 
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A failure can occur if the lubricating oil 
being supplied to the turbocharger is not 
sufficient to (1) lubricate the thrust and journal 
bearings, (2) stabilize the journal bearings and 
shaft, and (3) cool the bearing and journal 
surfaces, even for periods as short as five 
seconds. 

Operating the engine with contaminated oil, 
under the assumption that the oil filter will 
remove the contaminants before they reach the 
bearings of the turbocharger, can be quite 
costly. Actually, there are certain conditions 
under which the oil filter is bypassed and, if the 
oil is contaminated, turbocharger damage can 



result. Some examples of instances where the 
filter will be bypassed are: 

1. The turbocharger lubrication valve is open 
as it is in starting. 
^ 2. The oil filter is clogged and the bypass 
valve is open. 

3. A lubrication valve or filter bypass valve 
malfunctions as a result of worn or bind- 
ing components. 

If enough contaminated oil enters the 
turbocharger ^bearings, the bearings will wear 
out; or, large particles may plug the internal oil 
passages and starve the turbocharger of oil. 
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Because of extremely high-top speeds of the 
turbine and compressor vvheels (up to 100 
miles per hour), any large particles which enter 
through the inlet or exhaust systems can 
mechanically damage the rotating parts of the 
turbocharger. This is why proper maintenance 
of the air cleaner is extremely important, and 
ako why thorough cleaning of the inlet and 
• exhaust systems is essential if there has been a 
previous turbocharger failure, valve failure, or 
other failure which could leave foreign particles 
in the engine. 

Material or , workmanship failure is self- 
explanatory, that is, either some component of 
the turbocharger was faulty or its parts were not 
assembled right. 

Removal 

The removal of the turbocharger from the 
engine is not a complicated task when the 
procedures set forth by the manufacturer are 
followed. 

^Disassembly and-Cieaning 

After removal of the turbocharger from the 
engine, make sure the exterior of the 
turbocharger Cleaned of all loose dirt before 
disassembly to prevent unnecessary scoring of 
the rotor shaft. Disassemble it in accordance 
with the manufacturer's maintenance and repair 
manuals. 

The turbocharger parts accumulate harcL^ 
glazed carbon deposits difficult to remove with 
ordinary solvents, especially the turbine wheel 
and shaft, diffuser plate, and the nozzlfc ring and 
inner heat shield. The cleaner must remove these 
stubborn deposits without attacking the metal. 
All parts should be cleaned as follows: 

1 . Place all parts in a divided wire basket so 
parts will not be damaged through contact with 
each other. Do not pile iA the basket. Avoid 
mutilating precision ground surfaces. 

2. Immerse the parts in mineral spirits 
or similar solvent. 

CAUTION: Never use a caustic solution or 
any type solvent that may attack aluminum or 
nonferrous alloys. 



3. Allow the parts to soak as needed to 
remove the carbon. A soft bristle brush may be 

, used, if necessary, to remove heavy deposits. 
Never use wire or other type brushes with stiff 
bristles. 

4. With the oil orifice plug removed, flush 
out the oil passages in the main casing from the 
bearing end to remove dir^ loosened by the 
soaking. 

5. Remove the parts from the tank. Drain 
and steam clean thoroughly to remove all carbon 
and grease. Apply steam liberally to the oil 
passages in the main casing. 

6. Blow off excess water and dry "all parts 
with filtered compressed air. f 

7. Place parts carefully in a clean basket to 
avoid damage prior to inspection and 
reassembly. 

« 

Parts Inspection 

Inspect all turbocharger parts carefully 
before re-using. All parts within manufacturer's 
recommended specifications can be used safely 
for another service period. Damage to the 
floating bearing may require replacement of the 
turbocharger main casing with a new part or an 
exchange main casing. 

Inspect the turbine casing. If you firfd cracks 
* which are too wide for welding, replace the 
casing. 

If the exhaust casing is warped ok heavily 
damaged on the insjde surface, due to contact 
with the/turbine wheel or a foreign object, or 
cracked in any way, the casing is unfit for reuse. 

Oil seal plates usually do not wear excessively 
during service and can be reused if they have not 
been scored by a seizure of the piston ring. 

As you inspect the diffuser plates, look for 
contact scoring by the rotor assembly on the 
back of the diffuser plate or broken vanes which 
will make the plate unacceptable for reuse. 

Inspect the inner heat shield. If distorted, 
replace it, too. 



ERLC 



7-31 



1 (< 



CONSTRUCTION MECHANIC 1 & C 



Dents found on the outer heat shield can 
usually be removed, allowing for its reuse. 
However, if this shield is cut or split. in the bolt 
circle area, it must be replaced. 

'Inspect tHe nozzle rings closely for cracks. If 
cracked, or if the vanes are bent, damaged; or 
burnt thin, do not reuse. x 

If you see signs of wear or distortion during 
the inspection of the piston ring seals, discard 
and replace with new ring seals. 

^ Inspect the turbocharger main casing for 
cracks in the oil passages, capscrew bosses, etc. 
Also, check the casing for bearing bore wear. If 
it exceeds the limits allowed by the 
manufacturer, the bearing bore may be 
reworked to permit oversize, outer diameter 
bearings. 

Check the oil orifice plug for stripped or 
distorted threads. Install a new plug if necessary. 

The rotor assembly, which consists of a 
.turbine wheel and shaft, sleeve, compressor 
wheel, thrust washer, and locknut, is an 
accurately balanced assembly; therefore, if any 
one of the above parts is replaced as a rgsult of 
your inspection, the assembly iftust be 
rebalanced in accordance with the 
manufacturer's specifications. 

When inspecting the semifloating bearing, be 
sure to measure both 'outside and inside 
diameters of the bearing. If either diameter is 
^worn beyond limits allowed by the manufac- 
turer, the bearing must be replaced. 



The front coyers thatar/ deeply scored from 
contact with the compressor wheel cannot be 
^reused/ Slight scratches or , nicks only can be 
'smoothed out with a fine emery cloth and the 
covers reused. Cracked covers, however, cannot 
be reused and must be replaced with new ones. 

All capscrews, lockwashers, and "plain 
washers should be cleaned and reused unless 
they*are damaged beyond reyse. 

Reassembly 

After inspection of the turbocharger 
component parts and replacement of parts 
found damaged or worn, the turbo^iarger can 
\be reassembled in the manner prescribed by the 
manufacturer's maifttenance and repair 
manuals. > 

Be sure to close off all openings in the 
turbocharger immediately after reassembly to 
keep out abrasive material prior to mounting on 
the engine. 



Installation 



Turbochargers can be mounted on the engine 
in many different positions. Always locate the 
oil outlet at least 45° below the turbocharger 
horizontal centerline when the unit is in the 
operating position. 
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VEHICLE INSPECTIONS 



Preventive maintenance and safety inspec- 
tion *of a vehicle go hahd-in-hand. Besides keep- 
ing a vehicle in good ' operating condition, ' 
preventive maintenance should help insure that a 
vehicle v is safe to operate. Proper inspection .of 
the devices or parts of a vehicle that make for 
spfe operation can be carried out at the same 
time as regularly scheduled preventive 
maintenance service. 

As a CM1 or CMC, yoi/ may be assigned the 
•job of vehicle inspector. Besides making 
scheduled safety inspections, you should look 
for dangerous operating practices and for in- 
operative devices that make a vehicle unsafe. 
You wilf need to know the regulations pertaining 
to safety inspection of automotive equipment 
and the procedures which pertain to this area of 
responsibility which canTse found in -the Naval 
Construction Force Safety Manual (COMC- 
BPAC/COMCBLANT Instruction 5100.1 
series) and the Department of the Navy Safety 
Precautions for Shore Activities Manual, NAV- 
MAT P-5100. Insure that mechanics under your 
supervision who perform vehicle inspections are 
fully aware of all facets of making a thorough' 
inspection. 

Like preventive maintenance inspections, 
safety inspections arQ. very important. As you 
may kno\y r the condition of an engine is seldom 
considered in the safety inspection, Tttris inspec- 
tion concerns items such as lights, brakes, tires, 
and steering mechanisms. Make sure your 
mechapics repair or report'faults that effect the 
safety of a vehicle. 

As an inspector, it will normally ,be your 
responsibility to insure that NO vehicle is 
released from the shop until it is definitely 
determined that the vehicle is completely safe to 
operate. Remind your people of the danger to 



life and property from driving or riding in a 
hazardous vehicle> 

A Some of the major items to be checked dur- 
ing a vehicle inspection and the procedures for 
making these inspection checks are covered in 
following sections. To a limited extent, pro- 
cedures . for troubleshooting some of the 
discrepancies found during a vehicle inspection 
will be discussed. 



THE INSPECTOR 



The rfiecfyanic assigned as inspector needs to 
b§. experienced in all aspects of the rating. You 
mayibe assigned as either a Public Works or Bat- 
.talion Inspector. In addition to 'the saffety 
manuals previously listed, you will have to.be 
familiar with the manuals and instructions per- 
taining to your assignment. Procedures for con- 
ducting safety and preventive maintenance 
inspections apply to eitfier assignment. Fre- 
quency of inspections varies with command 
assignments. 



PW SHOP INSPECTOR 

The main publications that the inspector uses 
for inspections are the Management of 
Transportation Equipment; NAVFAC P-30p 
and/ne manufacturer's service manuals for the 
unit being inspected. As inspectqrfrou win com- 
plete the work description section of the Shop 
Repair Order "discussed in chapter 3. The types 
of inspections required will be safety, preventive 
maintenance, interim, and storage/shipment in- 
spections. . * * 
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BATTALION SHOP INSPECTOR 

t 

As an inspector in the battalion vehicle 
maintenance shop, you will have to be totally 
familiar with the Naval Construction Force 
Equipment Management Manual, NAVFAC 
P-404, and the COMCBPAC/COMCBLANT 
TT20O. 1 Instruction series. You will complete the 
^work description section of the Equipment 
"Repair Order discussed in chapter 4. In addition 
to the types of inspections ajjove, you will con- 
duct preservation, embarkation, BEEP, and 
deadline inspections. 

• 

1 INSPECTION OF 

LIGHTING EQUIPMENT 

Many kinds of lights are on modern vehicles, 
each useful. Each light is subjected to periodic 
inspection. Besides headlights and taillights, 
.there are parking lights, stoplights, and a 
number of auxiliary lights,, such as instrument 
panel lights and spotlights. Directional signal 
lights, a requirement for trucks, are also re- 
quired for passenger cars in most localities. 
Clearance and identification lights are required 
for large trucks, buses, and all kinds of trailers. 
(See Qg. 8-1.) Some regulations require that 
reflectors be mounted on the vehicle as a dual 
safety precaution if the lights fail.. When making 
a safety inspection, follow the general rules: if a 
light is on a vehicle, the light must work and be 
safe. 

ICC REGULATIONS 

Lighting requirements prescribed by the In- 
terstate Commerce Commission * (ICC) change 
frequently. This enables ICC to put the latest 
developments of lighting and emergency 1 equip- 
ment into regulations with a minimum of delay. 
The list below is intended to show the general 
type of regulations that the ICC prescribes. 

ICC Equipment Regulations: 

HEADLAMPS— Twx) minimum. 

REAR LAMPS— Every bus or truck, every 
tractor anH every semitrailer or full trailer in 
exc£ss"f 3,000 pounds gross weight, on the rear, 
onp red taillamp, one red or amber stoplight. 



Every semitrailer or full trailer weighing 
3,000 pounds gross or less: on the rear, one red 
taillamp, one red or amber stoplight if the 
semitrailer or full trailer obscures the stoplight 
on the towing vehicle. 

Every pole trailer: on the rear, one red 
taillamp. { 

CLEARANCE LAMPS— On /very, bus or 
truck 80 inches or more in width and on every 
semitrailer or full trailer hi excess of 3,000 
pounds gross weight: on the front, two amber 
clearance lamps— one at each side; oiithe rear, 
two red clearance lamps— one at each side. 

f On every tractor: on the front, two amber 
clearance lamps— one at each side. 

SIDE MARKER LAMPS— Every* bus or 
truck 80 inches in width and every semitrailer or 
full trailer having a gross weight in excess of 
3,000 pounds: on each side, one amber side 
marker lamp located at or near the front, one 
red side marker lamp located at or near the rear. 

On every pole trailer: on each side, one com- 
bination marker lamp showing amber to front 
and red to side and rear. 

(Side marker lamps may be combined with 
clearance lamps.) 

REFLECTORS (REAR)— On *he rear of 
every bus or truck, semitrailer or full trailer, two 
red reflectors, one at each side. • 

On the rear of every pole trailer, two red 
reflectors, one at each side, placed to indicate 
extreme width of the pole trailer or its load, 
whichever is wider. < 

One or both oMhe required red reflectors 
may be within the taillamp or taillamps, pro- 
vided that taillajnps be within the height limits 
specified for reflectors.^ 

REFLECTORS (SIDE)— On every truck or 
bus 80 inches or more in width and pn 
a sem^railer or full trailer having a gross weight 
in excess of 3,000 pounds: one amber reflector 
on each side, located at or near the front; one 
red reflector on e^ch side, located at or near the 
rear. *~ 
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0 - Figure 8-1.— Truck-tractor and semitrailer showing approved lighting equipments _ 
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On every pole trailer: on each side;, one red 
reflector. 

FLARES— Three on every Tjus, truck or trac- 
tor. (The use of reflector flares in lieu of electric 
lantern^ or flares (pot torches) permitted on all 
vehicles.) j 

HEADLIGHTS 

Headlights are' tested for intensity, focus, 
and aim. With the sealed-beam-lights used on 
present vehicles, the focus is preset when 
'manufactured. Your main concern will be the 
aiming and the intensity of the headlights. Traf- 
fic laws require that headlights reveal persons 
and objects for a distance o4 at least 350 feet 
ahead. The minimum output established by 
most states is 5,000 beam candlepower for the 
upper beam, and 3,500 beam candlepower for 
the lower beam* on each headlight; for vehicles 
having two pairs of * headlights, these re- 
quirements apply t'o each pair. 

Your shop may have an output meter that 
measures the headligta intensity that can be.used 
with a •screen for aiming the lights. Or a 
headlight tester may re^available that can be 
used for aiming the headlight, as Well as for 
measuring the intensity of the ' light, The 
headlight tester is preferable, because it checks 
the headlight without a cumbersome screen. 

Headlight testing equipment in the shop 
should be located so that the equipment can be 
moved in and out conveniently. A small board 
and cabinet for tools and equipment used for 
testing and adjusting headlights should be near* 
the headlight testing area. 

Using a Screen for Aiming Headlights 

Although- an output meter may not be 
available for measuring headlight intensity, you 
should nevertheless insure that the headlights of 
vehicles under your supervision are aimed cor- 
rectly; a headlight that is not aimed properly 
may blind drivers of oncoming vehicles. A 
screen can be made that will enable personnel to 
test headligh| aim. 
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The screen for aiming headlights (fig. 8-2) 
should be no less than 10 feet wide and 42 inches 
higl^ When it is mounted on a frame or easel 
with casters, the screen should be no more than 
12 inches from the floor surface. U 

^When making a screen, put only the 
headlight center level and vehicle axis lines on it. 
These ^ines can accommodate all types of 
vehicles. By moving: the screen up and down, 
you can make the'neadiamp level conform with 
the measured height of any headlamp. Moving 
the vehicle or the screen left or right will aline 
either with the vehicle axle line. After these basic 
steps, vertical lines conforming to the distance 
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Figure 8-2.— Screen for checking aim of headlights.. 
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between the centers of the heacllamps can be 
added by line or tape. The vertical lines should 
intercept v the headlamp level line at a poipt 
measured from the vehicle axis line exactly one- 
half the distance between the lamp centers. 

To comply with regulations of most 
localities, the screen should be placed 25 feet 
ahead of the headlight. Make sure all tires on the 
vehicle are properly inflated. The vehicle should 
have a full tank of fuel (to compensate for 
weight) and only the operator should be in the 
vehicle. 

Before beginning the tests or adjustments, 
* check the regulations for your location. Most 
inspection regulations contain, in addi- 
instructions for making the tests, illustra- 
tions of proper light patterns and suggestions for 
inspecting parts of the headlight assembly. 
Points of adjustment for aiming headlights may 



* check tn 
\\ vehicle i 
^ tionloir 



differ for makes of vehicles. Check the 
manufacturer's manual for the make and model 
of vehicle being inspected. 

When aiming the headlights of "a vehicle 
using the 7-inch sealed-beam light unit, 
remember that the pattern of the upper or driv- 
ing beam will be aimed. The 7-inch lamp is 
designed so that when the upper beam is aimed 
correctly the lower or passing beam will also be 
aimed correctly. Cover the lamp not being aimed 
so that one beam will not interfere with the 
other. f * 

The accepted driving beam pattern for 
passenger vehicles will show the high-intensity 
portion (hotspot) of the.light rays centered on a 
horizontal line 2 inches below the center or hori- 
zontal reference line on the screen. (See fig. 8-3.) 
This means that there will be a 2-inch drop of the 
light beam in every 25 feet of longitudinal beam. 
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Figure 8-3. —Accepted beam pattern for aiming passenger vehicle headlights. 
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„ Headlights on trucks present a problem 
because of the effect of a heavy load. At the 
same distance of 25 feet, truck headlights should 
be aimed so that none of the high-intensity por- 
tion of the light will project higher than a level 
of 5 inches below the center of the lamp to com- 
pensate for the variations in loading. Bus 
headlights are similar, ejcjtept that the effect of a 
load is usually not quite so great. 

Some large equipment will have the lamp 
centers higher than the testing screen. In this 
case, place the Screen 75 feet ahead of the lights 
and adjust the horizontal line on the screen to 42 
inches; the top of the hotspot of the beam of 
light should not be above the horizontal line on 
the screen. 

When a four-headlight system is used, the 
number two lamp will always be mounted on the 
outboard side of the vehicle. - 

When using s a screen for aiming the 
headlights on a vehicle that uses the four- 
headlight system, adjust the hotspots of the 
number one (inboard) lamps so that they are 
centered on the vertical lines 2 inches below the 
horizontal line. (See fig. 8^4.) The low beams of 
the number two (outboard) lamps are aimed so 
that the left edge of the hotspot does not extend 
to the left of straight ahead or does not extend 
more than 6 inches to the right of straight ahead, 
The top of the hotspot of the number two lamp 
is aimed at the horizontal line, as shown in figure 
8-4. When the low beams of the number two 
lamps are properly adjusted, the high beam will 
be correct. 
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Using a Headlight Tester 
for Checking Headlights 

When using a headlight testing device for 
checking beam patterns, measuring beam 
candlepower, and adjusting headlamps, follow 
the instructions furnished by the manufacturer. 
Headlight testers differ considerably in design 
and the operation; therefore, correct instruc- 
tions for using one tester will not be correct for 
another. Make sure that all vehicle inspectors 
know how to use the headlight tester assigned to 
your shop. 

The headlight- tester may be permanently 
mounted on a track or it may be portable. The 
floor where the tester is used should be 
reasonably level, and if there is a slope to the 
floor, the tester must be adjusted to this slope. 
Since the track-type tester will always be used in 
the same location, it can be adjusted to the slope 
of the floor when installed. On the p'ortable-type 
tester, the testing unit must be set to the slope of 
the floor for each locatibn where it is used. 

Figure 8-5 shows a beam pattern being 
checked on a Bear headlight tester screen. 

Figure 8-6 illustrates the same machine being 
used to obtain a caneHepower reading of the 
headlamp beam. Notite , the image of the 
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Figure 8-4. - Accepted beam pattern for 4-headlight Figure 8-5. Checking beam pattern with Bear headlight 
system. tester. 
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Figure 8-6. -Measuring beam candlepower with a Bear 

tester. ^ 

♦ 

photoelectric cell oa the screen and the reading 
on the output meter. To dheck candlepower in 
this manner, the operator simply turns the small 
handle mounted on top of the testing unit-to the 
lejft until the phutocejl touches the glass holding 
the screen. Then raise and lower the photocell 
with the same handle until the highest reading is 
obtained on the output meter. Be sure the 
hotspot of the light beam is centered on the ver- 
tical line before reading candlepower. 

If the beams are aimed properly but do not 
meet the required candlepower, check the wires 
and connections in the circuit. Poor light from 
sealed beams often results from a loose connec- 
tion, a bad ground, or undersized wire. Any one 
of these faults increases the resistance of the cir- 
cuit. If you cannot find a fault in the wiring or 
connections, replace the sealed-beam ilnit. 

TAILLIGHTS AND STOP LAMPS 

All TAILLIGHTS must be approved and 
meet local regulations. Taillights must show red, 
visible at least 500 feet to the rear of the vehicle. 
All bulb and lyns replacements for them must be 
of the same t£pe as originally approved. If the 
vehicle .was originally equipped with two rear 
lamps, both must be working well. If the taillight 



lens is not red or contain* a dot of another color, 
or if it is cracked, broken, or does not fit tightly, 
it should be replaced. -The taillight should be 
mounted near the extreme rear of the vehicle. 
Dump trucks or other especially constructed 
vehicles may hai/e taillamps. If mounted 
elsewhere, the lamp is clearly visible from the 
rear. Further, a red reflector should be mounted 
on the extreme rear of the vehicle. The taillights 
must not be hidden by a bolster or other part of 
the bddy or frame. They must be mounted 
securely to prevent vibration and to make a good 
electrical contact. The taillights of a vehicle must 
bifrn When the headlights are turned on to any 
position. 

A STOP LAMP is usually combined with the 
taillight by using a double-contact, double- 
filament bulb. It may, however, be a separate 
light. Stop lamps must be adjusted to light up 
immediately when the brake pedal is depressed; 
that is, at the beginning of the downward action 
of the brake pedal. Just as with other lights, 
bulb and lens replacements for stop lamps must 
be the same as those originally approved. 

LICENSE PLATE LIGHTS 

LICENSE PLATE LIGHTS must he bright 
enough to illuminate the entire license plate so 
the numbers can be read 50 feet to the rear. Most 
states now require that a separate white light be 
used to illuminate the license plgte; license plates 
on some older vehicles may still be illuminated 
through a window in the taillight. License plate 
lights must be wjred 50 they will turn on and off 
with the same switch as the taillights. 

DIRECTIONAL SIGNALS 

Any vehicle or combination of vehicles re- 
quires directional signal devices when. J&) the 
distance from the center of the steering column 
to the left lateral extension of the body, or load 
thereon,- exceeds 24 inches; or (b) the distance 
from the top center of the steering column to the 
extreme rear end of the vehicle or combination 
of vehicles or their loads exceeds 14 feet. 

* Most localities do not require directional 
signals on vehicles of less dimensions than 
described in the preceding paragraph. However, 
if a vehicle is equipped with directional signals, 
they must be approved and in good repair. 
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On truck tractors, a double-faced directional 
signal unit should be mounted on the top crown 
of each front fender, or if more practical, Gin 
each side of the cab or body. In either case, the 
lights must be visible from a distance of 100 feet 
in front of, and to the rear of, the vehicle. 

Single-faced signal units of the dual- 
direction indicating type may be mounted on the 
rear of vehicles less than 80 inches wide, if the 
double-faced signals on the front of the vehicle 
are not clearly visible from behind the vehicle at 
all angles of approach. 

Single-signal units are required at the ex- 
treme and opposjte corners of the rear of all 
vehicles or combination of vehicles over 80 
inches wide. To be visible at 100 feet, they 
should be mounted at a height of not more than 
72 inches, nor less than 24 inches from the level 
of the ground. ^ 

On squared-front vehicles, such as buses or 
cab-over-engine trucks without fenders, or 
vehicles conducted to a width of 96 inches and 
over, the doirole-faced directionals required on 
the front fenders of the vehicles may be omitted 
and two single-faced signals mounted instead. 
These signals must, However, be mounted 
securely elsewhere on the front of the vehicle 
and be clearly visible 100 feet to the front of the 
vehicle. 

CLEARANCE LAMPS 

Besides the conventional headlamps and 
taillamps, large trucks, buses, semitrailers, and 
full trailers require clearance lamp*, side-marker 
lamps, and reflectors. 

CLEARANCE LAMPS indicate the extreme 
width of the vehicle— not necessarily its height 
as the word "clearance" implies. It is the pro-^ 
truding uhlighted front and. rear corners of the 
vehicle subject to collision with other vehicles or 
persons, not the top of the vehicle. Therefore, 
clearance lamps should be mounted at a height 
best suited to this purpose, and where they can 
be readily seen at least 500 feet. The clearance 
lights on the front of the vehicle should be 
amber, and those facing the rear should be red. 



As for clearance lamps to indicate the height 
of the vehicle, some state regulations require 
that large vehicles have "identification lights" 
which more or less answer this purpose. For ex- 
ample, Pennsylvania requires that every vehicle, 
trailer, semitrailer, or combination thereof in ex- 
cess of 80 inches wide and over 30 feet long shall 
be equipped with three amber lights in front and 
thrfre red lights to the rear. These lights, in addi- 
tion to clearance lights, shall be spaced not less 
than 6 inches nor more than 1 2 inches apart, and 
placed along a horizontal line at or near the top 
of the vehicle. 

SIQE MARKER LAMPS are similar to 
clearance lamps but indicate the full overall 
length of the vehicle. They are viewed from the 
side and must be visible for 500 feet. Side marker 
lamps mounted near the front of the vehicle, like 
clearance lights, must be amber and those near 
the rear must be red. 

Some local 'regulations require 'REFLEC- 
TORS (apart from those used in the lamps) to be 
mounted on the rear of a vehicle" This is an addi- 
tional safet> precaution in case lights burn out 
or get broken. When mounting reflectors, make 
sure the> are between 42 inches and 24 inches 
above the ground. 

AUXILIARY LIGHTS 

Lights that .can be turned on or off for tjhe 
> convenience or safety of the driver or passengers 
are called auxiliary lights. These lights must be 
wired to be turned on or off independently, and 
not with the headlights. Any auxiliary light 
mounted on a vehicle must work for the vehicle 
to pass a4ight inspection. 

SPOTLIGHTS are not approved in all area? 
as permanent vehicle lighting equipment. Laws 
in some states permit the use of only one. If a 
spotlight is installed on a vehicle, it must meet 
inspection. Spotlights should never be used as a 
supplementary light for headlamps, 

BACKUP i LIGHTS are approved ac- 
cessories for many vehicles. They may be 
mounted singly or as a pair, one on each side. 
Backup light lenses must be colorless and, when 



ERLC 



8-8 ,( 



S 



i 'i 



1 



Chapter 8— VEHICLE INSPECTIONS 



replaced, of the type originally approved. In ad- 
* dition, backup lights must turn off automati- 
cally when the vehicle is in a forward motion, or 

else be provided with a visible or audible signal 

to let the operator know that they are on. A* 
, backup light must be aimed to strike the road , 

not over 25 feet from the rear of the vehicle. 

PARKING LAMPS must have amber or 
white lenses showing to the front of the vehicle, 
and must turn on and off with the same switch 
as the taillights. 

A vehicle may not have any light showing red 
to the front, except school buses, fire and police 
vehicles, ambulances, and wreckers, unless 
specifically authorized by local regulations or 
commands. 



INSPECTION OF BRAKE SYSTEMS 

Brakes are inspected often to insure £afe 
operation, to compjy with state and local regula- 
tions, and to keep personnel and equipment 
safe. Defective brakes cause many accidents that 
might have been avoided with -frequent and 
thorough brake inspections. These brake inspec- 
tions will be more frequent when vehicles ire 
used in sand, mud, or constant fording. T 

Regulations for testing and inspecting bralces 
are about the same all over* One requirement is 
that the brakes must stop the vehicle within a 
prescribed distance, at a given speed, with a 
minimum of effort, and without deviating the 
vehicle from a straight line. 

The stopping distances for all vehicles de- 
pend on the distance the driver can see and think 
before he or "she hits the fcrake pedal. Figure 8-7 
illustrates some stopping distances from dif- 
ferent speeds with good brakes. These stopping 
distances came from ^ctual tests. 

Brakes can be tested by machines or on the 
road. If a machine is used for testing brakes, a 
road c^eck should also be made before inspec- 
tion is finally approved. 

Machine testers are suitable in permanent 
shops Since these machines are somewhat 
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Figure 8-7.— Slopping distances from different speeds with 
good brakes. 



complicated and require considerable time for 
setting up, few of them are at advanced bases. 
♦ Once the/ machines are set up, they indicate 
brake efficiency more accurately than road tests 
do. / 

As illustrated in figure 8-8, machine testers 
indicate through tube or dial gages whether the 
brakes are satisfactory in pounds of braking ac- 
tion at each wheel, and whether brakes need 
equalizing. Fifty pounds difference in friction- 
braking effort at each wheel is the maximum 
allowable variation. The amount of braking fric- 
tion desirable at each wheel depends on the size 
^ of the brakes and the vehicle being te$ed. 
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or missing parts are repaired or replaced. It is 
important that the movable parts of the system, 
which have grease fittings, be lubricated — but 
not overlubricated. 



1400 LBS. 



J 350 LBS. 



1025 LBS. 



900 LBS. 







• 'III 


0 



* ' 1 . 

2.133 

Figure 8-8.— Columns of liquid indicate 4- wheel brake 
friction. 



Instructions for testing are provided with each 
machine and should be studied by the person 
making the brake inspections. 

All road tests should be made on a dry, hard, 
and level surface and be free of loose material. 

Road tests for brakes may be made in several 
ways. The method commonly used in the 
SEAPEES is to put a line or mark on the road- 
way at the point the brakes are to be applied. 
After the vehicle is stopped, usually from a 
speed of 20 miles per hour, the^stopping distance 
is meaiuted. Be sure the measurement is made 
from the mark to the FRONT of the vehicle, not 
the REAR. Inspect the tire marks on the road- 
way to see if one wheel is braking more than the 
others. If the brakes do not stop ihe vehicle 
within the prescribed distance, are not equal- 
ized, grab, or do not hold at all, adjust or repair 
them and repeat the test. 



All brake systems should be inspected visu- 
ally frorA the brake pedal to the brake assembly 
at the wheel. Make sure that all loose, broken, 



HYDRAULIC 

( Hydraulic brakes should be inspected for the 
external condition of the hose and tubings; 
especially *for leakage or seepage at the cou- 
plings. Hose or tubing worn or weakened by 
{.rubbing against other parts of the vehicle must 
be replaced* 

CAUTION: Nevei; replace steel brake tubing 
with copper tubing. 

Test for leakage by holding the brake pedal 
depressed for at least 1 minute. If the pedal (Joes 
not hold, there is a leak in the system. If you 
find a leak, repair it, even if you have to pull all 
wheels to examine the^wheel cylinders. Then fill 
the master cylinder with fluid and bleed the 
brakes. / 

Naval Construction Force vehicles are to use 
silicone brake fluid (SBF), as detailed in CESO 
maintenance Bulletin #75. Silicone brake flufifr 
will not mix with glycol brake fluid. If lightly 
combined accidentally, no adverse effects to 
rubber p^rts, metals or fluid properties should 
occurr~Advantages of silicone brake fluid are 
th4iit4* not damaging to painted surfaces, has 
excellent dielectric properties, has no deteriora- 
tion from long periods of climatic exposure or 
system storage, and will not absorb or retain 
moisture. 

To comply with requirements for testing and 
inspecting brakes, you must see that at least one 
of the wheels is removed to check the brake lin- 
ing and drum. Some manufacturers recommend 
pulling two wheels— one on each side. Look for 
loose or broken brakeshoe retracting springs, 
worn clevis and cotter pins in the brake 
operating mechanisms, and grease or oil leaks at 
the wheel-bearing grease retainer. Check for 
leaks of hydraulic fluid at the hydraulic 
brakeshoe operating cylinder. 

Brake linings that pass inspection for wear 
must be securely fastened to the brakeshoes and 
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free from grease and oil. Small grease or oil 
spots can be removed from the lining with an 
nonoil-base solvent. If the lining is saturated 
with grease or oil, it should be replaced. Be sure 
the cause for the grease or oil on the lining is 
remedied. 

Badly worrl or scored brakedrums should be 
turned smooth and true on a lathe or replaced. 
Gracked brakedrums should be replaced, for 
they may break at any time. 

Brakeshoe and drum trouble not immedi- 
ately evident when the wheels are^pftriled, yet 
which is detected during T££d tests, inay be 
caused Jtfy^the wrong kind tff lining, ill-fitting 
brakeslfjpes, or brakedrums slightly out-of- 
round. The clue to these troubles may be chat- 
tering, spongy, or grabbing brakes. 

Navy vehicles seldom have the wrong kind of 
brake lining. However, a eareless mechanic may 
reverse the primary and secondary shoes on. one 
of the wheels or interchange them between 
wheels so that the shoes are not exactly mated 
with the drums against which they expand. If 
you replace shoes or turn the drum on one side, 
do the same to thfc opposite side to prevent pull 
or loss of conJioW' 

If you pull one wheel, inspect the brake lin- 
ing. If it is all right, chances are the other linings 
are also satisfactory. So, you do not need (fc pull 
the other wheels. If you find fault in the linings 
of the wheel you just pulled, then pull and in- 
spect all the wheels. 

The procedures for inspecting and checking^ 
the condition of the brake lining and drum given 
in the preceding paragraphs will also apply when 
you inspect and check other brake systems. 

For other probable causes of Trouble (and 
remedies) in a standard hydraulic brake system, 
refer to table 8-1. 

VACUUM-ASSISTED HYDRAULIC 
BRAKES (POWER) 

The same basic inspection procedures given 
in the hydraulic brake section apply to the 



vacuum-assisted hydraulic brake system. When 
checking this system for a source of trouble, 
refer to the chart for the standard hydraulic 
-brake system (table 8-1). After the possible 
causes oft this chart have been eliminated, check 
for causes in the troubleshooting chart of table 
8-2. 

NOTE: Make the following test before 
checking the cause for hard pedal. With the 
engine stopped, depress the brake pedal several 
times to elimmate/all vacuum from th# system. 
Apply the braKes, and while holding the foot 
pressure on the brake pedal, start the engine. If 
the unit is operating correctly, the brake pedal 
will move forward when the engine vacuum 
power is added to the pedal pressure. If this test 
shows that the power unit ^-Tlfct operating, 
check the probable causes of vacuum failure in 
table 8-2. 

AIR 

When a vehicle is equipped with airbrakes, 
first make a visual inspection of hose lines and 
tubing to find leaks or near leaks from badly 
worn places. To make an AIR LEAKAGE 
TEST, start the engine and let it run unttKhe:air 
pressure gage indicates normal operating 
pressure. With the engine turned off, hold the 
airbrakes in the maximum Applied position and 
watch the air pressure gage on the dash of the 
vehicle. The pressure should drop no more than 
3 pounds in 1 minute after the brakes are applied 
and 2*"pounds in 1 minute with the brakes 
released. * 

An AIR BUILDUP TEST should be made. 
With the engine stopped, drain all air from the 
reservoir. Tjien close all reservoir drain cocks, 
start the engine, and watch the air pressure gage 
to see how long it takes to build up to safe 
operating pressure. If longer than 10 minutes are 
required to bring the air pressure from 0 to 60 
psi, you should have the air compressor and the 
pressure relief valve checked. With air pressure 
exhausted from the airbrake system, start the 
engine and press the brake pedal to applied posi- 
tion. Observe pressure registered by the dash 
gage wlien the stop lamps light. Stop lamps 
should light before the dash gage Agisters 10 psi. 
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Table M.— Troubleshooting Chart for Hydraulic Brakes (Standard) 

PROBABLE CAUSE ' POSSIBLE REMEDY 



MALFUNCTION 



A. Low pedal or pedal 
goes to toe board. 



B. Springy, spongy 
Pedal. 



C. Excessive pedal 
pressure required 
to stop car. 



D. Light pedal pres- 
sure-Brakes too 
severe. 



1. Excessive clearance between linings 
and drum. 

2. Automatic Adjusters not working. 



3. Weak brake hose. 

4. Leaking brake pipe. 

5. Leaking wheel cylinder. 

6. Leaking master cylinder. 

7. Leaking master cylinder check 
valve. 

8. Leaking Stop Light switch. 

9. Air in system. 

.10. Plugged master cylinder filler 
cap. » 

11. Improper brake fluid. , 

12. Low fluid level. 



1. Air trapped in hydraulic system. 

2. Improper brdke fluid. 

3. Anchor pin adjustment incorrect. 

4. Improper lining thickness or loca- 
tion. 

5. Drums worn too thin. 

6. Master cylinde r filler vent clogged . 

7. Weak hose. 

1. Brake adjustment not correct. 

2. Incorrect lining. 

3. Grease or fluid soaked lining. 



4. Improper fluid. 

5. Frozen master or wheel cylin- 
der pistons. , 

6. Brake pedal binding on shaft. (* 

7. Linings installed on wrong shoes. 

8. Glazed linings. 

1. Brake adjustment not correct. 

2. Loose backing plate on front 
axle. 



1. Adjust brakes. 

2. Make forward and re- 
verse stops. If pedal 
stays low, repair faulty 
adjusters. 

3. Replace hose. 

4. Repair or replace faulty 
parts. 

5. Clean and rebuild. 

6. Clean and rebuild. 

7. Replace valve. 

8. Replace switch. 

9. Bleed system. 

10. Clean fillep»cap vent 
holes, bleed system. 

11. Flush system and re- 
place with correct fluid. 

12. Fill reservoir, bleetl 
system. 

1. Remove air by bleeding. 

2. Flush and bleed system. 

3. Adjust anchor pia 

4. Install specified lining or 
replace shoe and lining. 

5. Replace drums. 

6. Clean vent or replace 
cap; bleed brakes. 

7. Replace hose. 

* 

1. Adjust brakes or repair 
self adjuster. 

2. Install specified lining. 

3. Repair grease seal, or 
wheel cylinder. Install 
new linings. 

4. Flush out system, fill 
with correct type fluid. 

5. Rebuild orTeplace. 

6. Lubricate or replace. 

7. Install primary and sec- 
ondary linings correctly^ 

8. Sand surface of linings. 

1, Adjust the br^kesvor re- 
pair self adjusters* 

2. Tighten plates. 
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MALFUNCTION 



Table 8-1.— Troubles hooting Chart for Hydraulic Brakes 

PROBABLE CAUSE 



D. Light pedal pres- 
sure-Brakes too 
Severe (Cont.). 



E. Brake pedal travel 
decreasing. 



F. Pulsating Brake 
Pedal. ' 



G. *Brake Fade. 



H. All brakes* 4rag 
when adjustment 
is known to be cor- 
Feet. 



I, One Wheel drags. 



3. A small amount of grease or 
fluid on linings. 

4. Glazed linings. 

5. Incorrect lining. 

6. Wfoeel hearting? loose. 

7. J4njng loose on shoe. 

Excessive dust and dirt in 
drums. 
9. Bad drum. 



Master cylinder compensating 
port plugged. 

Swollen cap in master cylinder. 

Master cylinder piston not re- 
turning. * 
Weak shoe retracting springs. 
Wheel cylinder'pistons sticking. 



1. Drums out of round. 

2. Loose brake drum on hub. 

3. Worn or loose wheel bearings. 

4. Bent rear axle. 

1. Incorrect lining. 

2. Thin drum./ 

3* fefraggittg-brakes. 

1. Pedal does not return to stop. 

2. Improper fluid. 

3. Compensating or bypass part 
of master cylinder closfed. 

1. Weak or broken shoe retract- 
ing springs. 



(Sttndard)— Continued 

POSSIBLE REMEDY ' 

3. Replace the linings. 

4. Sand the surfaces of the 
linings. 

5. Install factory specified 
linings. 

6. Adjust wheel bearings. 

7. Replace lining or shoe 
and lining. 

8. Clean and sand drums 
•and linings. v 

9. Turn drums in pairs or 
replace. 

1. Open with compressed^ 
air or replace. 

2. Replace rubber parts, 
flush system. 

3. Rebuild master cylinder. 

4. Replace springs. 

5. Clean cylinder bores and 
parts. Replace bad parts. 

1. ^Refinish drums to speci- 
fications. 

2. Tighten. 

3. Replace or adjust. 
^^^^Replace axle. 

1. Replace lining with lining 
recommended by factory. 

2. Replace drums. 

3. Adjust or correct cause. 

1. Lubricate the pedal. 

2. Replace rubber parts and 
refill. 

3. Open with compressed air 
or replace. 

<+ 

1. Replace the defective 
Brake shoe springs and 
lubricate the brake shoe 
ledges. 



♦Fade is a temporary reBuction of brake effectiveness r^ulting from beat. 
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Table 8-1.— Troubleshooting Chart for Hydraulic Brakes (Standard)— Continued 



0 MALFUNCTION 

I. One Wheel drags. 
(Cont.). 



J. Rear brakes drag. 



K. Vehicle pulls to 
one side. 



PROBABLE CAUSE 

2. Brake.shoe to drum clearance 
too small oi*the brake shoe ec- 
centric is not adjusted properly. 

3. Loose wheel bearings. 

4. Wheel cylinder piston cups swol- 
len and distbrted or thfe piston 
stuck. 

5. Pistons sticking in wheel cylin- 
der. 

6. Drum out-of-round. 

7. Obstruction in line. 

8. Loose anchor\j&i% 

9. Distorted shoe. 

10. Defective lining. 

11. Parking ,brake cable frozen. 

1. Maladjustment. 

2. Parking brake cables frozen. 

1. Grease or fluid soaked lining. 

2. Anchor pin adjustment not cor- 
rect. 

3. Loose wheel bearings; loose 
backing plate on rear axle or 

» front axle or loose spring bolts. 

4. Linings not of specified kind or 
primary and secondary shoes 
reversed. 

5. Tires not properly inflated or 
unequal wear of tread. Differ- 
ent tread non-skid design. 



POSSIBLE REMEDY 

2. Adjust. 

3. Adjust wheel bearings. 

4. Rebuild cylinders. 



5. 
6. 



7. 



9. 
10. 

11. 



Clean or replace pistons; 

clean cylinder bore^ 

Grind or turn front or 

rear drums. 

Clean out or replace. 

Adjust and tighten lock 

nut. 

Replace. 

Replace with specified^ 

lining. 

Lubricate. 



6. Linings glazed. 



1. Adjust brake shoes and 
parking brake mechanism. 

2. Lubricate. ' 

1. Replace with new linings. 

2. Major brake adjustment. 

3. Adjust the wheel bearing; 
tighten the backing plate 
on the rear a&ss and 
tighten spring bolts. 

4. Install specified linings. 



5. Inflate- the tires to recom- 
mended pressures. Re- 
arrange the tires so that 

a pair of non-skid tread 
surfaces of Similar de- 
sign, and equal wear will 
be installed on the front 
wheels and another pair 
witl^the tread will be in- 
stalled on the rear wheels. 

6. Sand the surfaces of the 
linings. \ 
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Table 8-1.— Troubleshooting Chart for Hydraulic Brakes (Standard)— Continued 



MALFUNCTION 



K. Vehicle pulls to 
one side (Cont.)/ 



L. One Wheel locks. 



M. Wet Weather, Brakes 
G*ab or won't hold. 



N. Brakes Squeak. 



PROBABLE CAUSE 
7. Water, mud, etc. in ftrakes. 



8. Wheel cylinder sticking. 

9. Weak or broken retracting 
springs. 

10. Out-of- round drums. > 



11. Brake dragging. 

12. Weak chassis springs, loose 
"U" bolts, loose steering 
gear, etc. 

13. Loose steering. 

14. Unequal camber. 

15. Bad drum. 

1. Gummy lining. 

2. Tire tread slick. 

3. Faulty anchor adjustment. 

1. ^ Linings sensitive to waterj 

2. .Dirty brakes. 

3. Bent backing plate-openijfe. 

4. Scored drums. 

1. Backing plate bent or shoes 
twisted, 

2. Metallic particles or dust em- 
bedded in lining. 

3. Lining rivets loose or lining 
not held tightly against the 
shoe at the ends. 

4. Drums not square or distort- 
ed. 

5. Incorrect lining. 

6. Shoes scraping on backing 
plate ledges. 



POSSIBLE REMEDY 

7. Remove any foreign ma- 
terials from all of the 
brake parts and the in- 
side of the drums. Lu- 
bricate the shoe ledges^ 
and the rear brake cable 
ramps. 

8. Repair or replace wheel 
cylinder. 

9. Check springs— replace 
bent, open-coiled oc. 
cracked springs. 

10. Re-surface or replace 
drums in left and right 
hand pairs (both front 
and both rear/. 

11. Check for loose lining. 
Adjust 

12. Rfeplace spring, tighten 
"U" bolts, adjust steering 
gear, etc, 

13. Repair and adjust. 

14. Adjus^to spec. 

15. 'Refinish drums in pairs. 

1. Reline. 

2. Match up tire tread side 
to rside. % , 

3. Adjust. 

1. Reline. 

2. Clean out. 

3. Straighten or replace. 
/4. Grind or turn in pairs. 

1. Straighten or replace 
damaged parts. * 

2. Sand linings and drums. 
Remove all particles of 
metal in surface of linings. 

3. Replace rivets and/or 
tighten lining by rerivet- 
ing. 

4. Turn or grind or replace 
drums. 

5. Replace lining per facto- 
ry specs. 

6. Lube ledges. Replace 
with new shoe and linings, 
if distorted. * 
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Table 8-1.— Troubleshooting Chart for Hydraulic brakes (Standard)— Continued 



MALFUNCTION 

N. Brakes Squeak 
(Cont.). 



0. BRAKES Chatter. 




P. Grinding Noise. 



10. 
11, 



PROBABLE CAUSE 

Weak or broken hold down 
springs. 

Loose wheel bearings. 
Loose backing plate, anchor, 
drum wheel cylinder. 
Loose shoe links. 
Linings located wrong on 
shoes. 



1. Incorrect lining to drum 
clearance. 

2. Loose backing plate. 

3. Grease, fluid, road dust on 
lining. 

4. Weak or broken retractor 
spring. 

5. Loose wheel bearing. 

6. Drums out-of- round. 

7. Caulked or distorted shoes. 

1. Shoe hits drum. 

2. Foreign^material/in lining. 

3. Rivets or&hee^j)Ubbing drum. 

4. Rough drum surface. 
• t 



POSSIBLE REMEDY ' 

7.dReplace defective parts. 

8/ Tighten to proper setting. 
9. Tighten. 

10. Tighten. 

11. Install linings correctly. 



1. Readjust to recommended 
clearances. 

2. Tighten securely. 

3. Clean or reline. 

4. Replace. > 

5. Readjust. 

6. Grind or turn drums in 
pairs., 

7. Straighten or replace. 

1. Switch drums or grind 
drums. 

2. Remove or replace lining. 

3. Reline -refinish drums. 

4. Refinish drums. 

2.507 ♦ 



Airbrakes on trailers get an external brake in- 
spection as part of the inspection required on a 
truck-tractor and trailer combination. They are 
also tested for Jiolding as if the trailer were sud-' 
denly disconnected from the tractor. To make 
this test, first see that the air lines between trac-' 
tor and trailer brakes are coupled properly. , 
Then, after starting the engine so both tractor 
and trailer air reservoirs are charged, quickly 
and simultaneously disconnect both air line 
couplings. The trailer or semitrailer brakes . 
should be automatically applied. Trailer brakes 
are designed to stop the trailer when it is ac- - 
cidentally disconnected from the towing vehicle. 
All states require automatic application of trailer 
brakes in this emergency. Some states go ever* , 
further for trailers having a chassis and body 
weight of 1,000 pounds or over; such trailers 
must be equipped with, adequate brakes whfijh 
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wUl also |iold the vehicle for at least 15 minutes 
after automatic application. 

If these inspections and tests do not disclose 
thfc fault, consult the troubleshooting chart of 
table 8-3. 

AIR-OVER-HYDRAULIC 

On vehicles equipped with air^over-hydraulic 
bfakes, a good visual inspection should be made 
of the air compressor, air reservoir, air lines, 
brake pedal and linkage, the wheel brakes, the 
master cylinder, and the hydraulic line from the 
master cylinder to the air-hydraulic power 
cylinder and from the air-hydraulic power 
cylinder to the wheel brakes. t "* 

Operating troubles resulting from malfunc- 
tion of the air-over-hydraulic power cylinde^are 

•16o « f \ 
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Table 8-2.— Trouble Chart for Vacuum Assisted Hydraulic Brakes (Power) 
MALFUNCTION ERQBAJBIJLCAIISJS ' EQSSIBLE B EMEDX 



A. *Hard Pedal. 



B. Grabby brakes* 
(Apparent off and 
on condition). 



C. Brakes FAIL to 
release. 



1. Broken or damaged hydraulic 
brake line 

2. Vacuum failure. 



3. 
4. 
5. 



7. 



Defective diaphragm. 
Restricted air filter element. 
Worn or badly distorted re- 
action disc, (tandem diaphragm). 
Cracked or broken power pis- 
tons or retainer. 
Ihcorrect selective reaction 
piston (tandem diaphragam 
only). 



1. Broken or damaged hydraulic 
brake lines. . 
^ 2. Insufficient fluid in master 
cylinder. 

3. Defective master cylinder ♦ 
seals. 

4. Cracked master cylinder 
casting. 

5. Air in hydraulic system. 

1. Blocked passage in power 
piston. ( 

2. Air valve sticking shut. 

t 

• i 

S^^Broken piston return spring. 

4. Broken air valve spring. ) 

5. tight pedal linkage. . 



*Hard pedal ierffcxcesslve pedal pressure required to apply the brakes. 



1. Inspect and replace as 
necessary. 

2. Check for: 

a. Faulty vacuum check 
valve or grommet— 
replace. 

b. Collapsed or damaged 
vacuum hose— replac 

c. Plugged or loose vac- 
uum fitting— repair. 

d. Faulty air valve seal 

• or support plate seal- 
replace. 

e. Damaged floating con- 
trol valve -replace. 

f. Bad stud welds on 
front or rear housing 
of power head -re- 
place unless easily 
repaired. 

3. Replace. 

4. Replace. 

5. Replace reaction disc. 

6. Replace power pistons 
and piston rod retainer. 

7. Gauge reaction piston 
and replace with correct 
piston. 

1. Inspect and replace as . 
necessary. 

2. Fill reservoirs with ap- 
proved brake fluid and 
check for leaks. 

3. Repair or replace as 
necessary. 

4. Replace. 

5. Bleed system. 

1. Inspect and replace as 
necessary. 

2. Check for proper lubri- 
cation of air valve "O" 
ring. 

3. Replace. 

4. Replace. 

5. Repair or replace as 
necessary. ( 
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Tabic 8-3.— Troubleshooting Chart for Air Brakes 



MALFUNCTION 
i 

A. Low air pressure 
in system or slow 
air pressure build- 
up. 



B. Rapid loss of air 
pressure when en- 
gine is stopped. 



C. Excessive^r 
Pressure. 



PROBABLE CAUSE 
1. Leakage in air system. 



2. Improfc>erly adjusted compressor 
governor. 

3. Loose compressor drive belts. 

4. Worn compressor. 

1. Leakage in air system. 



2. Leaking compressor discharge 

halves. 

«> 

1. Improperly adjusted compres- 
sor governor. 

2. Sticking compressor governor 
plunger. 

3. --Leaking compressor governor 
diaphgram. 

4. Restricted air line leading to 
governor. 



POSSIBLE REMEDY 

1. Check and tighten any 
loose connecting lines 
and fittings. 

2. Adjust governor. 

3. Adjust belt tension. 

4. Rebuild or replace. 

1. Check and tighten any 
loose connecting lines 
and fittings. 

2. Rebuild or replace. 



1. Adjust governor. 

2. Lubricate governor. 

3. Rebuild or replace. 

4. Replace air line. 



hard pedal (excessive pedal pressure required to 
apply the brakes) and dragging brakes (power 
cylinder fafils to return to released position when 
the brake; pedal is released). 

To test a sluggish or inoperative power 
cylinder, first install ao aip^ressure gage in the 
control valve housing and a hydraulic gage ^[ 
both the hydraulic fluid inlet line and the 
hydraulic brake line output port. Then, slowly 
depress the brake pedal and observe the gages. * 
When the. air control pressurof^age shows be- 
tween l and 5 psi, the hydraulic pressure at the 
hydraulic inlet should not exceed 40 psi. Ex- 
cessive hydraulic pressure indicates a sticking 
relay piston (caused by swollen or damaged 
piston sealing cups or a corroded or damaged 
relay piston sleeve) or sticking control valve pop- 
pets (caused by corrosion of the poppets, poppet 
seats, Ofc4&JTiaged poppets). 

With the brake pedal fully depressed to the 
fully applied position, the air control pressure 
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gage should show 90 psi and the hydraulic out- 
put pressure gage should show full power 
(runout) pressure of 1,400 to 1,600 psi. Low 
pressure or no pressure on the air pressure gage 
indicates air leakage or an inoperative control 
valve. Low hydraulic output pressure indicates 
hydraulic fluid leakage, a sticking hydraulic 
piston, or an inoperative check valve (in the 
hydraulic piston) or a residual line check valve. 

To test for internal and external air r leakage 
or hydraulic leakage, first depress the brake 
pedal and apply soapsuds at the air control line 
and its connections, the double check vafve (if so 
equipped), and at the cylinder body and end 
plate. Bubbles appearing at any of these points 
indicate external air leaks. While the "pedal is 
depressed, check for hydraulic fluid leakage at 
the outlet fitting cap and around the jamnut on 
the slave cylinder housing. Internal air leakage is 
indicated by a pressure drop in excess of 2 psi in 
15 seconds. The trouble is a worn or damaged 
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piston packing, a scored cylinder body, or 
leakage at v the poppets in the control valve. In- 
ternal hydraulic pressure leakage can also be in- 
dicated by hydraulic pressure drop at both 
hydraulic pressure gages while the brake pedal is 
de pressed 

Dragging brakes can be .tested by releasing 
the brake pedal and observing the air pressure 
gage and the two hydraulic pressure gages*. All 
gages should register zero without lagging. 
When pressure is noted at the air pressure gage, 
a sticking relay piston, damaged or corroded 
control valve poppet, or a ruptured control valve 
diaphragm exists. Pressure at the hydraulic 
pressure gages indicates a sticking hydraulic 
piston, a sticking ^power piston, or a weak or 
broken piston return spring. If the hydraulic 
pressure gages show a slow pressure drop, a 
defective check valve (in the hydraulic piston) or 
a defective residual line check valve is indicated. 

If the \ests indicate external air leakage, 
tighten the control line connections. Replace a 
damaged control line, control line gasket, or 
double check valve. Internal air leakage requires 
removal of the unit for replacement of worn or 
damaged power piston packing or end plflte 
gasket, and repair or replacement of the cylinder 
body or end plate. 

If the tests indicate hydraulic fluid leakage, 
an inoperative control valve, sticking power 
piston, relay piston, pr hydraulic piston, remove 
the unit for disassembly and repair or replace 
worn or damaged parts. 

VACUUM-OVER-HYDRAULIC 

To check the vacuum brake system, first shut 
off the engine and apply the brakes several times 
to bleed all vacuum from the system. Twenty or 
thirty applications may be needed o# systems 
with vacuum reservoirs. Spongy or soft action of 
the brake pedal indicates air in the hydraulic 
system. If this fault occurs, the system must be 
bled. 

With the pedal held at the normal braking 
pressure, start the engine. If the pedal lowers 
toward, the floorboard when the engine starts, 



the vacuum system is operating properly. If the 
pedal fails to move, the vacuum system is at 
fault. Although this usually indicates a faulty 
vacuum cylinder, the vacuum lines, reservoir, 
and connections should be checked for leaks 
first. The applicable instructions manu^ should 
be consulted to replace and repair the vacuum 
power cylinder. 

EMERGENCY 

Emergency brake inspections should be 
made just as carefully as those for service 
brakes. Two types of emergency brakes are in 
use on modern vehicles— an external contracting 
drive shaft transmission brake and a mechanical 
linkage rear wheel brake. The parking brake is 
designed primarily to hold the vehicle after it is 
stopped. You can also use the parking brake to 
stop a vehicle^ln an emergency, but it usually is 
not as efficient as tjne emergency brake. Because 
* emergency brakj/ are seldom used except for 
holding the vehirTe when parked, some unthink- 
ing inspectors forget them. Too, in reporting 
brake troubles, the operator often neglects 
troubles in the emergency bjake. (For this 
discussion, both types of brakes will be called 
emergency brakes.) 

Safety regulations require that the emergency 
brake *be adequate to stop the vehicle from a 
speed of 20 mph within 55 feet. This require- 
ment may vary in different localities, depending 
upon state regulations. The emergency brake 
rhust hold the vehicle on any grade. This require- 
ment covers both passenger and commercial 
motor vehicles equipped with either the 
enclosed-type emergency brake at each rear 
wheel, or a single emergency brake at the drive 
shaft. 

When testing emergency brakes, do so at the! 
same time you test the service brakes; however, 
make a separate run in a road test. Pay attention 
to the ratchet and pawl or any other automatic 
locking device that holds the brake in the applied 
position to insure that it is operating properly. 

Inspect the condition of emergency brake lin- 
ings and drums just as you would for service 
brakes. In addition, when inspecting the drive 
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\shaft brake, examine the universal joints and 
splines for loose bolts and grease leaks. Loose 
universal joint bolts are not uncommon for 
vehicles having emergency brakes on the drive 
shaft. Although most vehicles throw a little 
grease from thcspinning drive shaft, none of it 
should remain on the emergency brake liningr-** 

INSPECTION OF STEERING SYSTEMS 

When insped^ing the steering system of 
automotive equiph^nt, start withStje tires. 
Replace a tire with a cut that extends into the 
cord body or that is worn to the tread wear 
marker (if so equipped) or is worn smooth so. 
that the cord fabric is showing. Examine how 
the tire treads are wearing. The condition of 
wear will help determine steering troubles, 
c 

Some shops have special equipment for 
I balancing wheel* and for checking wheel eccen- 
tricity and wobble. The wheels must be rerfioved 
from the vehicle when some wheel balancing 
machines are used. There are other types of 
balancing equipment that can be used- without 
taking the wheels from the vehicle. 

The preliminary check: for proper steering 
can be made during the road test for brakes. At 
this time, you can feel if the vehicle steers hard, 
or has too much play in the steering wheel. 
Likewise, you can tell by "feel" if the front 
wheels of the vehicle shimmy, wobble, or 
wander from a straight course. 

*. Steering troubles, except for free play in the 
Steering mechanism, may also result from im- 
proper tire inflation, worn tires, maladjusted 
brakes, or all of these faults. No steering ad- 
justments should be made until the items just 
mentioned have beei? checked and corrected. 

Under ordinary conditions, major alinement 
checks for front wheel camber, carter, and 
kingpin angle are unnecessary for safety inspec- 
tions. When there is an indication of front end 
misalinejpent, such as excessive tire wear or hard 
steering, major alinement checks should be 
made. When this is necessary, special equipment 
must be used. Make sure the manufacturer's 



instructions are followed when checks and cor- 
rections are being made to the front end aline- 
ment. 

After you finish preliminary steering inspec- 
tions, continue with these jobs: 

1 . Examine the amount of free movement at 
the rim of the steering wheel and follow the 
Specifications recommended by the manufac- 
turer. Remember that proper fr^e movement of 
the steering wheel will minimize steering system 
wear. • 

i 2. Jack up the front wheels of the vehicle and 
check for loose, broken, and worn parts, sbch as 
wheel bearings, spindles, and bushings. Ex- 
cessive lateral movement at the top or bottom of 
the tire indicates looseness. When looseness is 
apparent, adjust the wheel bearings and recheck 
the lateral movement to determine whether the 
whe^l bearings are loose, or the kingpins or ball 
joints are worn. Follow the manufacturer's 
specifications. 

3. Check "for wear in the steering linkages, 
particularly at the tie-rod ends. Also, look for 
broken spring leaves, worn/ spring shackles, 
loose spring U-bolts, and worn or loose suspen- 
sion bolts or bushings. At the same time, check 
for bad shock absorbers. • 

4. Finally, check for proper toe-in. You can 
-expect to make changes in the toe-in ff ad- 
justments for wear in\lie steering linkages were 
necessary. V , 

Many problems can develop on a vehicle 
which affect its steering safety. The experience 
of a well-qualified inspector is indispensable in 
quickly identifying a problem and having it cor- 
rected. Accurate and timely identification of the 
problems not only saves maintenance dollars but 
also puts the vehicle back on the road in a safe 
condition in a minimum of time. Experience is 
your best teacher. 



INSPECTION OF EXHAUST SYSTEMS 



When inspecting a vehicle, examine the con- 
dition of its exhau§t system. See that all parts of 
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the system are securely attached or supported. 
Gaskets or packing must not show signs of 
leakage. Remember that exhaust pipes; muf- 
flers, and tailpipes rust from the inside out. 
Look for places rusted through or on the verge 
of doing so or are damaged badly enough to 
obstruct the flow of exhaust gases. 

c 

Any restriction 'or clogging itf the exhaust 
system will cause a back pressure in the 
manifold. This back pressure inhibits the fuel 
mixture from entering the combustion chamber. 
A* hissmg noise at the tailpipe with thq engine 
■running at high speeds indicates a restricted ex- 
haust. Using a vacuum gage will confirm the 
condition of the exhaust system. A slow or 
hesitating reading under acceleration with a 
lower-than-normal reading during deceleration 
indicates an exhaust restriction. 

Look closely where a tailpipe discharges the 
exhaust gases'. On vehicles with full bodies, such 
as sedans, the discharge point must be beyond 
the rear bumper. On a pickup truck or other 
short-bodied vehicle, the tailpipe must extend to 
the rear of the cab and beyond any saddle fuel 
tanks on tjje vehicle. Make sure that NO P^rt of 
the exhaust system is where it might burn wire's, 
fuel system components, or other combustible 
parts of the vehicle. Also, see that no oil or 
grease collects on any part of the system. 



INSPECTION OF WINDSHIELD WIPERS, 
GLASS, AND DEFROSTERS 

I When inspecting* windshield wipers, check 
fhe condition of the wiper blades* See whether 
Aardness or cjry-rot has set in. If so, replace the 
- blades with new ones. Also check the mechanical 
operation of the wipers to see if they properly 
move across the operator's view. 

vtfindow glass in the vehicle must be checked 
to inshre that the glass lets the operator see well 
through eajh window. Pitted or cracked glass 
should be replaced. 

When inspecting for proper mirror installa- 
tion, be sure that every bus, truck, or truck- 
tractor is equipped with two rear-view mirrors, 



one on each side of the vehicle. Insure that the 
mirrors are firmly attached and located so as to 
give the driver a view of the road to the rear 
along both sides oC Jjta vehicle. On vehicles 
where onjy one ouCSiae mirror is required, it 
must be on the driver's side. Such a vehicle 
should also have an inside rear-view mirror to 
give the driver ^view to the rear. 

♦ 

Vehicles that will operate under frosty, icy, 
or snowy conditions are usually equipped with 
an automatic defrosting device. Inspect this 
device for proper operation. Check the level of 
the coolant in the radiator, and the radiator and 
defroster hoses and connections. Make sure the 
defroster is free of any obstruction which limits 
its capacity to defrost. 



INSPECTION OF SEAT BELTS 



Seat belts are a safety requirement of ^11 
automotive vehicles and should be inspected at 
regular intervals. When inspecting seat belts, see 
that they are not frayed or worn. Insure that the 
anchors are secure and tight. Check each belt to 
make sure it do^s not rub against any sharp 
metal part of the seat or vehicle that could cut 
the belt upon impact. The buckle should be in- 
spected to insure that the locking device is not 
worn or ben; and that it works. Also check for 
operation of the seat belt warning device, when 
the vehicle is so equipped. 



INSPECTION OF INSTRUMENTS, 
CONTROLS, AND WARNING 
DEVICES \ 

When inspecting a vehicle, check all in- 
struments, controls, horns, and warning devices 
for proper functioning and damage. 

The instruments inform you of the approx- 
imate speed, engine temperature, oil pressure, 
rate of charge or discharge of the battery, 
amount of fuel in the fuel tank, distance 
traveled, and the operating hours. Should any of 
these instruments not operate properly, have 
them repaired or replaced. 

Certain controls— throttle, choke, starter, 
heater, windshield wipers, and others— like the 
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instruments must function or perform the task 
for which they are provided. When they 
malfunction, they too must be repaired or 
replaced. 

The horn installed on autpmotive equipment 
Warns pedestrians, workmen; or other vehicles. 
If the horn does not sound during inspection, 
have it checked for proper ground and correct 
voltage. When these have been checked out, but 
the sound is weak, you can improve the tone and 
volume of the horn by loosening the adjusting 
locknut and turning the adjusting nut. 

Some manufacturers prefer a warning light 
system rather than a gage indicator system to in- 
dicate unsafe operation. A warning light is 
usually controlled by a pressure switch, 
temperature switch, or mechanical linkage. 
When this light system is on a vehicle you are in- 
specting, check for proper operation. Have any 
malfunction corrected and damaged warning 
lights replaced. 



INSPECTION OF FIFTH WHEEL 
AND TRAILER 

When inspecting a truck-tractor and trailer, 
make sure the truck fifth-wheel rocker plate and 
bed are in good condition, properly assembled, 
adequately lubricated, and securely mounted. 
The coupling device— kingpin lock— should 
operate freely and properly, lock securely, and 
not show excessive wear. This type of locking 
device should open only when the positive 
felease lever is manually or automatically ac- 
tivated. Also, the trailer landing gear assembly 
must be in good condition, adequately 
lubricated, and properly mounted. 

Inspect trailer springs, suspension hanger 
mechanisms, tension bar assemblies, and 
associated parts, such as U -bolts, hangers, and 
shackles; they must show no signs of fractures or 
breaks. Also see that trailer tires are properly in- 
flated; and free of bruises, breaks, or blisters'. 
Reject and replace any tire in which a cut or 
other damage extends to the tire cords, or the 
tread is worn smooth in the center. Be sure that 
the tires match on*trailers equipped with dual 
wheels. 



INSPECTION OF PRESERVED 
EQUIPMENT 

Equipment ^preservation and live storage is 
inspected on a cycle determined py CQMC- 
BPAC/COMCBLANT, accordmgjo site loca- 
tion. Preserved equipment has the batteries 
removed, preservation lubricants installed, and 
all openings securely sealed. These units require 
hand cranking the engine, transmission, and 
gear boxes to lubricate surfaces not submerged 
in oils. All wheels should be rotated by hand to 
limit bearing damage and to prevent the grease 
from becoming hard. 

Live storage is similar; the gear boxes and 
engines do not normally have preservation 
lubricants installed.These units may be started, 
brought to temperature, and operated througlf 
all cycles. ' , s 

Both the preserved and live storag^ equip- 
ment need an application of rust^inhibiting 
preservation to prevent rpetEi^alTa- paint 
deterioration. All glass is to be boxed or taped as 
the situation demands. Engine belts should be 
loosened to limit pulley and belt damage. 



EMBARKATION INSPECTIONS 

Clean vehicles, a critical parruf embarkation 
inspections, not only allow for closer inspec- 
tions, but also speeds up clearance of customs 
where vehicles must be certified ffte of dirt and 
bugs. Vehicles leaving foreign countries nor- 
mally will be inspected leaving that area and 
again upon arrival. 

addition to safety and operational checks, 
vehicles being inspected for embarkation require 
emphasis on oil, fuel, and water seepage. An oc- 
casional drip may not adversely affect the vehi- 
cle's normal operation, but it could become 
hazardous while being transported. Insure'that 
the spare tire and all collateral equippage are 
loaded within the vehicle, especially Junder tac- 
tical situations. 

In W shop area, it is easy to accomplish the 
configuration of the vehicle for loading, to put 
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down the headache cages, and to remove the 
counterweights, etc. Itemizing these and related 
tasks on the Equipment Repair Order (ERO) will 
insure that the work will be completed and, in 
addition, provide a record of work required at 
the destination. 



"BEEP" INSPECTIONS 

Ai discussed in chapter 4, a Battalion Equip- 
ment Evaluation Program, "BEEP", inspection 
is conducted under CO MC BP AC/ 
COMCBLANT 11200 Series Instructions each 
time battalions relieve on site. 

This inspection evaluates the conditiontfSf the 
equipment to establish replacement priorities 
and, when conducted properly, provides the 
maintenance supervisor a means of establishing 
a shop workload throughout the deployment. 

At the time the "BEEP" inspection is con- 
ducted, all discrepancies, including serious rust 
and paint requirements are written on the ERO. 
The repairs needed during the BEEP varies with 
each situation. As a rule, all needed safety 
repairs will be corrected and repairs of less than 
4-hours time completed if parts are available. 
Major repairs, component overhaul, and body 
work are generally deferred until the relieving 
unit is established. 



INSPECTION OF DEADLINE 
EQUIPMENT r 

y6eadlined equipment is inspected on its 
Scheduled PM due date, or sooner if it is deter- 
mined by the maintenance supervisor thart i^ |s t ^ 
needed. The inspection insures that (V) openings / 
are covered and weathertight, (2) machine sur- 
faces are preserved, (3) disassembled^ com- 
ponents are tagged, covered, and stored, %d (4) ^ 
nothing has been cannibalized. Interchanging of 
controlled parts is not recommended or 
approved as a normal procedure, but the 
maintenance supervisor may authorize it to meet 
operational commitments. In each case, the 
maintenance supervisor makes sure that parts 
remdved from deadlined equipment are replaced 
with nonserviceable parts, and replacement 
parts are requisitioned. \ 

4 All parts cost and labor hourJ related to the 
interchange are charged against the piece of 
equipment on which the part failed, making the 
interchange necessary. x 

When the requisitioned replacement parts 
are received and installed, only the labor is 
charged to the piece of equipment from which 
the interchanged part was taken. 

When possible, while it is deadlined, this 
equipment is cycled to prevent deterioration and 
represented as necessary. 
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CHAPTER 9 

POWER TRAINS AND AUTOMATIC TRANSMISSIONS 

i 



In a vehicle, the mechanism that transmits 
the power of the engine to the wheels and ac- 
cessory equipment is called the power train. In a 
simple situation, a set of gears or a chain and 
sprocket ' could perform this task, but 
automotive vehicles are not designed for such 
simple operating conditions. They are designed 
to have pulling power as well as move at high 
speeds, to travel in reverse as well as forward, 
and to operate on rough terrain a£ well as on 
smooth roads. To meet these varying demands, 
a number of units have been added including 
clutches, transmissions, transfer cases, propeller 
shafts, universal joints, differentials, and live 
axles (fig. 9-1). The many different units that 
make up power trains operate on the same basic 



principles. Also, the procedures for maintaining 
and repairing these units are similar. 

This chapter provides information on the 
various units and the various indications of ab- 
normal operation so that you will be able to 
diagnose the problems and prescribe corrective 
action. To obtain more detailed information on 
the operation and repair of these units, refer to 
the specific manufacturer's manuals. 



CLUTCHES 

It might be well to review briefly not only the 
purpose of the clutch but also the various types. 
The purpose of the clutch is to permit the 




& 81.174 
Figure 9-1.— Type of power transmission system. 1 
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operator to couple or uncouple the engine and 
transmission. When the clutch is in the coupling 
(or normal running) position, power flows 
through it from the engine to the transmission. 
If the transmission is in gear, power flows 
through to the vehicle wheels so that the vehicle 
moves. Essentially, the clutch enables the 
operator to uncouple the engine temporarily so 
that the gears can be shifted from one forward 
gear position to another or into reverse or 
neutral The flow of power must be interrupted 
before the gears are shifted; otherwise, gear 
shifting is extremely difficult, if not impossible. 

The clutch (fig. 9-2) contains a friction disk 
(or driven plate) about a foot in diameter. It also 
contains a spring arrangement and a pressure 
plate for pressing this disk tightly against the 
smooth rear face of the flywheel. The* friction 
disk is splined to the clutch shaft. The splines 
cpnsist of two setsfof teeth— an internal set on 
the hub of the friaion disk and a matching ex- 
ternal set on the dutch shaft. They permit the 
friction disk to slide back and forth along the 
shaft but force the disk and the shaft to rotate 
together. 

The flywheel which is attached to the end of 
the engine crankshaft rotates when the engine is 
running. When ttoe clutch is engaged in the 



coupling position, the friction disk is held tightly 
against the flywheel by the clutch springs so that 
it must rotate with the flywheel. This rotary mo- 
tion is carried through the friction disk and 
clutch shaft to the transmission. 

To disengage (or uncouple) the clutch, the 
clutch pedal is pushed down by the operator's 
foot. This causes the clutch fork to pivot so that 
the clutch throwout bearing is forced inward. As 
the throwout bearing moves inward, it operates 
the release levers. The release levers take up the 
spring presure and lift the pressure plate away 
from the friction disk. The friction disk is no 
longer pressed against the flywheel face, and the 
engine can run independently of the power train. ' 
Releasing the clutch pedal permits the clutch 
fork to release the throwout bearing so that the 
springs once again cause the pressure plate to 
force the friction disk against the flywheel face. 
Again, the two revolve together. 

All automotive clutches used with standard 
transmissions are very similar in construction 
andoperation. There are some differences in the 
details of the linkages, as well as the pressure- 
pltfte assemblies. r 

Of the various types of clutch disks, the type 
shown in figure 9-2 is known as the plate clutch. 
The plate clutch is a simple clutch with two 
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plates and one disk which is clamped between 
the two plates. Another type is the double-disk 
clutch. The driving members of the single-disk 
clutch consist of the flywheel and driving 
(pressure) plate. The driven member consists of 
a single disk splined t$ the clutch shaft and faced 
on both sides with friction material. When the 
clutch is fully engaged, the driven disk is firmly 
clamped between the flywheel and the driving 
plate by pressure of the clutch springs, forming a 
direct, nonslipping connection between the driv- 
ing and driven members of the clutch. In this 
position, the driven disk rotates the clutch shaft 
to which it is splined. The clutch shaft is con- 
nected to the driving wheels through the 
transmission, propeller shaft, final drive, dif- 
ferential, and live axles. \ 

The double-disk clutch is substantially the 
same as the single-disk clutch described in the 
section above, except that another driven disk 
and intermediate driving plate is added. 

Other basic information on the elements and 
operation of the clutch is not included here 
because it is given in Construction Mechanic 
3 & 2, NAVEDTRA 10644-G. However, infor- 
mation on various indications of abnormal 
clutch operation is given so that you will be able 
to diagnose and correct these troubles. 

CLUTCH TROUBLESHOOTING 

The information given in this section is 
general and can be applied to nearly every type 
of clutch that you are likely to encounter. You 
will probably have special problems which can 
be solved only by referring to the 
manufacturer's manual. 

Several types of clutch trouble may be en- 
countered. Usually the trouble is fairly obvious. 
When the malfunction is explained on the 
Operator's Trouble Report, a quick personal % 
check of the vehicle will generally enable you to 
correctly diagnose the trouble. It is your respon- 
sibility to see that the job is properly performed 
with a minimum of work. Clutch trouble 
generally falls into one of seven categories: 

1. Slipping clutches 

2. Chattering or grabbing when engaging 

3. Spinning or dragging when disengaging 

4. Clutch noises 
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5. Stiff clutch pedal 

6. Clutch pedal pulsations 

7. Rapid clutch disk wear 

Slipping Clutches 

A clutch that slips when it is engaged is ex- 
tremely hard on the clutch facings. The facings 
will wear and burn so badly that the clutch m§y 
soon become completely inoperative. Heat from 
a slipping clutch can soon become great enough 
to warp the pressure plate and to cause heat 
checks (small surface cracks) on both the 
flywheel and pressure plate. 

Clutch slippage is particularly noticeable 
during acceleration, especially from a standing 
start or in low gear. You can test for clutch slip- 
page by starting the vehicle engine, setting the 
handbrake, shifting the transmission into an in- 
termediate gear, and slowly releasing the clutch 
pedal while accelerating the engine. If the clutch 
is in good condition, the engine should stall im- 
mediately when the clutch engagement is com- 
pleted. 

Several conditions can cause clutch slippage. 
For instance, the clutch linkage may not be 
properly adjusted. With an incorrect adjustment 
that reduces the pedal free travel too much, the 
clutch release bearing will press against the 
release levers even with a fully released clutch 
pedal. This prevents full pressure plate engage- 
ment, and there will not be enough pressure to 
hold the friction disk tightly enough against the 
flywheel. As a result, there is slippage between 
the surfaces. The way to correct this is to adjust 
the clutch linkage to give specified clutch pedal 
free travel. 

A binding clutch release linkage may keep 
the clutch from returning to its fully engaged 
position and cause the clutch to slip. Binding can 
generally be eliminated by proper lubrication of 
all points of friction in the linkage. You may 
have to readjust and realine the clutch operating 
linkage. If readjustment, lubrication, and free- 
ing of the clutch linkage do not work, then you 
may have to remove the clutch for repair. Any 
of the following conditions within tlje clutch 
itself could cause slippage: 

1. Weak or broken pressure springs 

2. Worn friction disk facings 

3. Grease or oil on the disk facings r 



Replacing the facings or the complete disk is 
necessary to remedy condition No. 2 or No. 3 
listed above. 

Incorrectly adjusted release levers (if they are 
of the adjustable type) may act in the same man- 
ner as incorrectly adjusted clutch linkage or a 
binding clutch release linkage. In fact, they 
«ould prevent full spring pressure on the clutch 
plate with resulting slippage. 

Clutches That Chatter or 
Grab When Engaging 

Several things cause a clutch to chatter or 
grab when it is being engaged. Loose spring 
shackles or U-bolts, loose transmission 
mounting, and worn engine mounts are among 
the items that must be checked. If the clutch 4 
linkage binds, it may release suddenly to throw 
the clutch into quick engagement, with & 
resulting heavy jerk. If all these items are 
checked and are in good condition, the trouble is 
inside the clutch itself, and the dutch will have 
to be removed from the vehicle for repairs. 

In the clutch, the trouble could be oil or ' 
grease on the disk facings or glazed or loose fac- 
ings. Binding of the friction .disk hub on the 
dutch shaft could prevent smooth engagement; 
this condition will require cleaning the splines in 
the disk hub and on the clutch' shaft. Broken 
parts in the clutch, such as broken disk facings, 
broken cushion springs in the disk, or a broken 
pressure plate could cause poor clutch action or 
grabbing. 

Clutches That Spin or 
Drjag When Disengaged 

The clutch friction disk may spin briefly after 
the clutch is disengaged. In other words, it takes 
a moqient for the friction disk to come to rest. 
This normal spinning should not be confused 
with a dragging clutch. When the clutch drags, 
the friction disk continues to rotate with and to 
rub against the flywheel or pressure plate. 

When this condition exists, first check the 
pedal-linkage adjustment. If there is excessive 
free travel of the clutch pedal, even full move- 
ment of the pedal will fail to force the release 
bearing in far enough against the release levers 
to release the clutch fully. If adjustment of,the 
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linkage does not correct the trouble, the tremble 
is in the clutch, and the clutch must be removed, 
disassembled, and repaired. 

When the trouble is in the clutch assembly, 
you will generally find a warped disk or pressure 
plate or the facing on the disk may be loose. On 
the type of pressure plate assembly with ad- 
justable release levers, improper adjustment of 
the levers could prevent full disengagement so 
that the clutch would drag. A friction disk hub 
that is binding on the clutch shaft can also cause 
the clutch to drag. 

Clutch Noises 

When an operator reports that\i liutch is 
making noise, find opt whether the noise is 
heard when the clutch is engaged or when it is 
disengaged. Clutch noises are usually most 
noticeable when the engine is idling and the 
clutch disengaged. 

A disk hub that is loose on the clutch shaft 
will make a noise when the clutch is engaged, 
and will require replacement of the disk or 
clutch shaft or perhaps both, if both are worn 
excessively. Friction disk dampener springs that 
are weak or worn will also cause clutch noises. If 
the engine and transmission are not properly 
alined, the disk hub will move back and forth on 
the clutch shaft. This will cause the splines of the 
disk hub and clutch shaft to wear; thus, a noisy 
clutch will soon appear. Any time excessive wear 
is found on the splines of the disk hub and/or 
the clutch shaft, always check the 'transmission 
and engine alinement. 

If clutch noises are noticeable when the 
clutch is disengaged, the trouble will likely be in 
the clutch release bearing. The bearing is prob- 
ably worn, binding, or has lost its lubricant. 
Most clutch release bearings are factory 
lubricated; however, on- some of the larger 
trucks and on construction equipment, the 
ring does require lubrication, 
i release bearing starts making 
be replaced. If the release levers * 
folate assembly are not properly " 
, rub against the disk hub 
when the clutch is didpngaged. If the pilot bear- 
ing in the crankshaft is -worn or lacks fubricant, 
it will sometimes produce a high-pitched whine 
when the transmission is in gear, the clutch is 
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disengaged, and the vehicle is standing still. 
Under these conditions, the clutch shaft which is 
piloted in the bearing in the crankshaft is sta- 
tionary, but the crankshaft and pilot bearing are 
turning. 

Stiff Clutch Pedal 

A stiff clutch pedal or a pedal that is hard to 
depress is likely to result from lack of lubricant 
in the clutch linkage, from binding of the clutch- 
pedal shaft in the floorboard seal,, or from 
misalined linkage parts that are binding. In addi- 
tion, the overcenter spring (on vehicles so^ 
equipped) may be out of adjustment. Also, the 
cluth pedal may be bent so that it rubs on the 
floorboard and is hard to operate. To correct 
these conditions, Darts must be realined, 
lubricated, or readjusted as required. 4 

Clutch Pedal Pulsation 

A series of slight movement that can be felt 
on the clutch pedal or operating lever when the , 
clutch Is being disengaged is called clutch-pedal 
pulsation. These pulsations are noticeable when 
a slight pressure is applied to the clutch pedal. 
This is an indication of trouble that could result 
in serious damage if not corrected immediately. 
Several conditions could cause these pulsations. 
One is misalinement of the engine and transmis- 
sion. 

If the engine and transmission are not in line, 
detach the transmission and remove the clutch 
assembly. Check the clutch housing alinement 
with the engine ancf crankshaft* At the same 
time, the flywheel can be checked for wobble, 
since a bent crankshaft flange or a flywheel that 
is not seated on the crankshaft flange Vill pro- 
duce clutch-pedal pulsations. If the flywheel 
does nof seat on the crankshaft flange, remove 
the flywheel; after cleaning the flange and the 
flywheel, replace the flywheel, and make sure of 
a positive seat between the flywheel an£ 
crankshaft flange. If the flange is bent at the 
crankshaft, the crankshaft must be replaced. 

Other causes of 4 clutch-pedal pulsations in- 
' elude uneven release-lever adjustments, warped 
pressure plate, or warped clutch disk. If the 
pressure plate or clutch disk is warped, it should 
be replaced. 



Rapid Clutch Disk Wear 

f Rapid clutch disk wear will be caused by any 
condition that permits slippage between the 
clutch disk facings and the flywheel or pressure 
plat*. An operator might -have the habit of 
"riding" the clutch; this practice can cause slip- 
page. Frequent use of the clutch or<slow releas- 
ing of the clutch after disengaging will increase 
clutch fadng wear. The remedy here is for the 
operator to use the clutch properly and only 
when necessary. Broken "or weak Dressure 
springs within the plate assembly will cause slip- 
page. The springs must be replacecrto correct 
this problem. Improper clutch U^Kage adjust- 
ment or binding of the linkage^rfight prevent full 
spring pressure from being applied to the clutch 
disk.. Any condition that keeps less than full 
-spring pressure from being applied to the clutch 
disk is apt to cause slippage. 

TRANSMISSION 

The transmission (fig. '9-3) is part of the 
power train. It is located in the rear of the engine 
between the clutch housing and the propeller 
shaft, Sis shown in figure 9^1. The transmission 
transfers engine power from the clutch shaft 'to 
the propeller shaft, and allows the driver or 
operator to control the power and speed of the 
vehicle. The transmission jshown in figures 9-3 
and 9 A is a sliding gear transmission. Many late 
model trucks have either constant-mesh or syn- 
chromesh transmissions (explained later). 
However, th^Winciples of operation and gear 
ratios are the same. 

The Rate Training Majuial Basic Machines, 
NAVPERS 10624-A, discusses gears and their 
mechanical advantages, and explains how to 
compute the speed and reduction ratio 6f gear* 
in a typical automotive transmission if you are a 
little rusty on these points. This manual will help 
you to understand the transmission and power 
transfer mechanisms described in this chapter. 

FOUR-SPEED TRUCK TRANSMISSION 

The gearshift lever positions shown in the 
small inset in figure 9-4 are typical of most foiir- 
speed truck transmissions. The gear shifting 
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lever, shown at A, B, C, D, and E in the illustra- 
tion, moves the position of the two shifting 
forks which slide on separate shafts secured in 
the transmission case cover. Follow the separate' 
diagrams to learn what takes place in shifting 
from one speed to another. For example, as you 
move the top of the gearshift lever toward the 
forward left position, the lower arm of the lever 
moves in the opposite direction to shift the 
gears. The fulcrum of this lever is in the 
transmission coyer. 

In shifting transmission gears, use the clutch 
pedal to disengage the clutch. Improper use of 
the clutch will cause the gears to clash, and may 
damage them by breaking the gear teeth. A 
broken tooth or piece of metal can wedge itself ^ 
between two moving gears and ruin the entire 
transmission assembly. 



When you shift from NEUTRAL to FIRST 
or LOW speed (A of fig. 9-4), the smallest 
countershaft gear engages with the largest sliding 
gear. LOW gear moves the truck at its lowest 
speed and maximum power. The arrow indicates 
the flow of power from the clutch shaft to the 
propeller shaft. 

The SECOND-speed position is obtained by 
moving the gearshift lever straight baqk from the 
LOW-speed position. Ip B of figure 9-4, you will 
see that the <hext to the smallest countershaft 
gear is in mesh with the second largest sliding 
gear. The largest sliding geas^^ehfft gear) has 
been disengaged. The flow of power has been 
changed as shown by the arrow. The power 
transmitted to the wheels in SECOND gear 
(speed) is less, but the truck will move at" a 
greater speed than it will in LOW gear if the 
engine speed is kept the same. 
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In- shifting from the second speed to the 
THIRD-speed position, you move the gearshift 
lever through the neutral position. This is done 
in all selective gear transmissions. From the 
NEUTRAL position, the driver can select the 
speed position required to get the power needed. 
In C orfigure 9-4, you will notice that the gear- 
shift lever is in contact with the other shifting 
fork, and that the forward slide gear has been 
meshed with the second countershaft gear. The 
power flow through the transmission has^gain 
been changed, as indicated by thearrowymd the 
truck -will move at an intermediate speed 
between SECOND and HIGH. 



You shift into FOURTH- or HIGH-speed 
position by moving the top of the shift lever 
back and to the right from the NEUTRAL posi- 
tion. In the HIGH-speed position, the forward 
shift or sliding gear is engaged with the constant 
speed gear, as shown in D of figure 9-4. The 
clutch shaft and the transmission shaft are now 
locked together and the power flow is in a 
straight line. In HIGH, the truck propeller shaft 
revolves at the same speed as the engine 
crankshaft, or at a 1 to 1 ratio. 

* You shift to REVERSE by moving the top of 
the gearshift lever to the FAR right and then to 
the rear. Most trucks overcome spring pressure 
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I to avoid accidental shifting into reverse. Never 
V, attempt to shift into reverse until the forward 
\ motion of the vehicle has been completely 
stopped. 

In F of figure 9-4, you can see how the idler 
gear fits into the transmission gear train. 
Remember that an idler gear is used to reverse 
direction but has no effect on the gear ratio in a 
gear train. In E of figure 9-4, you can see what 
happens when you shift into reverse. An addi- 
tional shifting fork is contacted by the shift lever 
in the far right position. When the shift to 
reverse is completed, this fork moves the idling 
gear into mesh with the small countershaft gear 
and the large sliding gear at the same time. The 
small arrows in the inset show how the engine 
power flows through the transmission to move 
the propeller shaft and the wheels in a reverse 
- direction. 

The different combination of gears in the 
transmission case makes it possible to change the 
vehicle speed while the engine speed remains the 
same. It is all a matter of gear ratios, having 
large gears drive small gears, and small gears 
driving large gears. If a gear with 100 teeth 
drives a gear with 25 teeth, the small gear will 
travel four times as fast as the large one. You 
have stepped up the speed. Now, let the small 
gear drive the large gear, and the large gear will 
make one revolution for every four of the small 
gear. You have reduced speed, and the ratio of 
gear reduction is 4 to 1. 

In the truck transmission just described, the # 
gear reduction in LOW gear is 7 to 1 from the-' 
engine to the propeller shaft. In HIGH gear the 
ratio is 1 to 1 , and the propeller shaft turns at the 
same speed as the engine. This holds true for 
most all transmissions. The SECOND- and 
THIRD-speed positions provide intermediate 
gear reductions between. LOW and HIGH. The 
gear ratio in SECOND speed is 3.48 to 1, and in 
THIRD is 1.71 to 1. The gear reduction or gear 
w ratio in reverse is about the same as it is in LOW 
gear, and the propeller shaft makes one revolu- 
tion for every seven revolutions of the engine, 
but in the opposite direction of rotation. 

All transmissions do not have four speeds 
forward, and the gear reductions at the various 



speeds are not necessarily the same. Passenger 
cars, for example, usually have only three for- 
ward speeds and one reverse speed. Their gear 
ratios are about 3 to 1 in both low and reverse 
gear combinations*? You must remember that the 
gear reduction in the transmission is only be- 
tween the engine and the propeller shaft. 
Another reduction gear ratio is provided in the 
rear axle assembly. If you have a common rear 
axle ratio of about 4 to 1, the gear reduction 
from the engine of a passenger car to the rear 
wheels in low gear would be approximately 12 to 
1 . In high gear, the ratio.would be 4 to 1 as there' 
would be no reduction of speed in the transmis- 
sion. 

CONSTANT-MESH TRANSMISSION 

To eliminate the usual transmission noise 
developed in the old-type spur-tooth gears used 
in th£ sliding gear transmission, the automotive 
manufacturers developed the constant-mesh 
transmission which contains helical gears. 

In this type of transmission, certain counter- 
shaft gears are constantly in mesh with the main 
shaft gears. The main shaft meshing gears are ar- ' 
ranged so that they cannot move endwise. They 
are supported by roller bearings so that they can 
rotat^ independently of the main shaft (figs. 9-5 
and 9-6). In operation, when the shift lever is 
moved to THIRD, the THIRD- and FOURTH- 
shifter fork moves the clutch gear (A, fig. 9-6) 
toward the THIRD-speed gear (D, fig. 9-6). This 
engages the external teeth of the clutch gear wi A 
the internal teeth of the THIRD-speed gear. 
Since the THIRD-speed gear is rotating with the 
rotating countershaft gear, the clutch gear must 
also rotate. The clutch gear is splined to the 
main shaft, and therefore, the main shaft rotates 
with the clutch gear. This principle is carried out 
when the shift lever moves from one speed id the 
next. „ 

Constant-mesh gears are seldom used for all 
speeds. Common practice is to use such gears for 
the higher gears, with sliding gears for FIRST 
and REVERSE speeds or for REVERSE only. 

SYNCHROMESH TRANSMISSION 

-The synchromesh transmission is a type of 
constant-mesh transmission that permits gears to 



9 

ERIC 



9-8 



^ ,j 



' Chapter 9-POWER TRAINS AND AUTOMATIC TRANSMISSIONS 

i 




CONSTRUCTION MECHANIC 1 & C 




! AV ftM**E0*|RTH SPEED CLUTCH GEAR 
B* THIRD SPEED GEAR RETAINING SNAP RING 
C^;^XHfR05PEED6£^R WRUST VfASHER 
D« tHIRO $PEEtf<JEA1*A * ' 
E* v TftfR0;5PE£D GEAwB EARING ROLLERS 
F*. THIRD SPEED GEAR BEARING LOCKPlN 
G~ THIRD SPEED GEXfWFARi*(6 * 
Hf^THlUP SPEED GEA^PACEfT . v / : : 

, K*s ^P(RST«AHl^SECONC SPEED GEAR , ' 



Figure 9-6.— Disassembled main shaft assembly* 



81.184 



be selected without clashing by synchronizing 
the speeds of mating parts before they engage. It 
employs a combination metal-to-metal friction 
cone clutch and a dog or gear positive clutch to 
engage the main drive gear and second-speed 
main shaft gear with the transmission main 
shaft. The friction-cone clutch engages first, 
bringing the driving and driven members to the 
same speed, after which the dog clutch engages 
easily without clashing. The operation is. con- 
tinuous when the driver declutches and moves 
the control lever in the usual manner. The con- 
struction of a synchromesh transmission varies 
somewhat with different manufacturers, but the 
principle is the same in all. 

The construction of a popular synchromesh 
clutch is shown in figure 9-7. The driving 
member consists of a sliding gear splined to the 
transmission main shaft with bronze internal 
cones on each side. It is surrounded by a sliding 
sleeve, having internal teeth that are meshed 
with the external teeth of the sliding gear. The 
sliding sleeve is grooved around the outside to, 
receive the shift fork. Six spring-loaded balls in 



radially drilled holes in the gear fit into an inter- 
nal grgpvte in the sliding sleeve and prevent it 
from moving endwise relative to the gear until 
the latter has reached the end of its travel. The 
driven members are the main drive gear and 
second-speed main shaft gear; each has external 
cones and external teeth machined on its sides to 
engage the internal cones of the sliding gear and 
the internal teeth of the sliding sleeve. 

The synchromesh clutch operates as follows: 
when the transmission control lever is moved by 
the driver to the third-speed or direct-drive posi- 
tion, the shift fork moves the sliding gear and 
sliding sleeve forward as a unit until the internal 
cone on the sliding gear engages the external 
cone on the main drive gear.' This action brings 
the two gears to the same speed and stops end- 
wise travel of the sliding gear. The sliding sleeve 
then slides over the balls and silently engages the 
external teeth on the main drive gear, locking the 
main drive gear and transmission main shaft 
together, as shown in figure 9-7. When the 
transmission control lev&tte styfted to the 
second-speed position, the sliding gear and 
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Figure 9-7.— Synchromesh clutch-disengaged and engaged. 



sleeve move rearward and the same action takes 
place, locking the transmission main shaft to the 
second-speed main shaft gear, In past years, it 
has been the practice of th$ manufacturers not 
to use the synchromesh clutch on the first or 
reverse speeds. However, it is becoming com- 
mon practice oh many late mqdel vehicles to use 
synchromesh clutches on first speed. On 
transmissions of the type that do not use syn- 
chromesh clutches on first and reverse speeds, 
the first speed is engaged by an ordinary dog 
clutch when constant mesh is employed, or by a 
sliding gear; reverse is always engaged by means 
of a sliding gear. Figure 9-8 shows a syn- 
chromesh transmission in cross section which 
uses constant-mesh helical gears for the three 
forward speeds and a, sliding spur gear for 
reverse. 

Some transmissions are controlled by a 
steering-column control lever (fig*. 9-9). The 
positions for the various speeds are the same as 



those for the vertical control lever, except that 
the lever is horizontal. The shifter forks are 
pivoted on bell cranks which are turned by a 
steering-column control lever through the 
linkage shown. The poppets shown in figure 9-8 
engage notches at the inner end of each bell 
crank. Other types of synchromesh transmis- 
sions controlled by steering-column levers have 
shifter shafts and forks moved by a linkage 
similar to those used with a vertical control 
lever. 

AUXILIARY TRANSMISSION 

Auxiliary transmissions are mechanisms 
mounted in the rear of the regular transmission 
to provide more gear ratios. The types most 
commonly. used normally have only a low and a 
high (direct) range, incorporated into a transfer 
assembly. The low range provides an extremely 
low-gear ratio on hard pulls. At all other times, 
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Figure 9-8.— Synchromesh transmission arranged for steering column control. 
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the high range is used with the power merely 
passing through the main shaft. Gears are 
shifted by a separate gearshift lever in the 
driver's cab. (See fig. 9-10.) 

Trucks require a greater engine-to-axle gear 
ratio than passenger cars, particularly when 
manufacturers put the same engitie in both types 
of equipment. In a truck, the auxiliary transmis- 
sion increases the mechanical advantage. It is 
connected to the rear of the main transmission 
by a short propeller shaft and universal joint. Its 
weight is supported on a frame cross member, as 
shown in figure 9-10. This illustration also shows 
how the shifting lever would extend into the 
driver's compartment near the lever operating 
the main transmission. 

In appearance and in operation, auxiliary 
transmissions are similar to main transmissions, 
except that some may have two and some, three 
speeds (low, direct, and overdrive). When an 
auxiliary transmission, like the one shown in 
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Figure 9-10. — Auxiliary transmission power take-off driving winch. 



figure 9-11, is in the DIRECT-SPEED position, 
power is transmitted directly through the aux- 
iliary transmission to the propeller shaft, and the 
FORWARD and REVERSE speeds on the main 
transmission are the same. When the auxiliary 
transmission is shifted into LOW SPEED, it 
reduces each speed of the main transmission. 
When the low speed of the auxiliary transmis- 
sion is used with the lowest speed of the main 
transmission, it causes .the engine to drive the 
wheels very slowly and with* less engine 
horsepower. 

The constant-mesh type of auxiliary 
transmission illustrated in figure 9-11 has two 
gear combinations. The main drive gear is part 
of the input shaft, and it is in constant mesh with 
the countershaft drive gear. A pilot bearing 
alines the main shaft with the input shaft. The 
low-speed main shaft gear runs free on the main 
shaft when direct drive is being used and is in 
constant mesh with the countershaft low-speed 
gear- A gear-type dog clutch, splined to the main 



shaft, slides forward or ^ackward when you 
shift the auxiliary transmission into high- or low- 
gear position. 

In HIGH GEAR, when direct drive from the 
main transmission is being used, the dog clutch 
is forward and makes a direct connection be- 
tween the input shaft and the main shgft as 
shown in the illustration. When in LOW GEAR, 
the dog clutch is meshed with the low-speed 
main shaft gear and is disengaged from the main 
drive gear. 

TRANSMISSION TROUBLESHOOTING ^ 

As a first^ step in transmission service, 
diagnosis of the trouble should be made to pin- 
point the malfunction in the* unit. It is not 
always possible to determine % the exact location 
of the trouble, and the unit must be removed s 
from the vehicle so that it can be torn down and 
examined. As a first class or chief, it will be your 
responsibility to make the final diagnosis of the 
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Figure 9-11. -^Sectional view of auxiliary transmission showing gear arrangement. 



trouble. Many times an operator will report 
transmission noise on the Operator's Trouble 
Report when, in fact, the noise may be coming 
from some other component of the power 
train. 

Noises that appear to come from the 
transmission but actually originate at some 
other point are many and varied. For example, 
an unbalanced propeller shaft, defective wheel 
bearings, or damaged tires on a vehicle may 
cause noises which are transmitted to the trans- 
mission. These noises have no particular or 
characteristic sounds that would. indicate their 
origin; therefore, they are difficult to iden- 
tify. 

Torsional vibration is one of the most fre- 
quent causes of noises that appear to be in the 
transmission, but actually originate outside of it. 



Included among these possible outside torsional 
vibrations are: 

1. Propeller shaft (drive shaft) out of 
balance 

2. Worn universal joints 

3. Drive shaft center bearings loose 
Worn and pitted teeth on axle pinion 

/ and ring gear 

5. Wheels out of balance 

spring pivot bearings 

7. Loose frame or axle U-bolts 

8. Engine'cooling fan out of balance 

9. Engine crankshaft, flywheel, and/or 
clutch plate out of balance 

10. Tires or wheels wobbly o* mismatched 

This list, along with other troubles that you 
have encountered in your own experience, can 
be used as a step-by step guide in transmission 
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noise troubleshooting. Make sure that all 
possibility of outside noise has been eliminated 
before you remove the transmission. 

When analyzing a vehicle for transmission 
noise, raise the vehicle so that the driving wheels 
are clear of the deck. Start and operate the vehi- 
cle in all the speed ranges, including 
COASTING with the shift lever in neutral. 
Listen carefully for noises and try to determine 
the origin. Other procedures for checking 
transmission noises may be used. Any procedure 
that is used relies principally on the experience 
k and good judgment of the supervisor/inspector 
doing the troubleshooting. 

When it is determined that the noise is within 
the transmission, generally it is necessary to 
remove the transmission from the vehicle and 
disassemj^ it. 

Hard Shifting Into Gear 

A low lubrication level in the transmission 
housing will allow gears and bearings to heat, 
causing hard shifting. The fluid level of the 
transmission should always be checked when 
you are diagnosing hard shifting. 
^ Hard shifting into gear can be caused by im- 
proper linkage adjustment between the gearshift 
lever and the transmission. The same trouble 
could result' when the linkage is badly in need of 
lubrication, rusted, or jammed at any of the 
pivot points. 

Other causes of hard shifting are failure of 
the clutch to release fully, the clutch linkage out 
of adjustment, or a warped friction disk or 
pressure plate that prevents full clutch 
disengagement. Gear clashing will continue since 
the engine will still be delivering at least some 
power through the clutch to the transmission. 

Inside the transmission, hard gear shifting 
could be due to a bent shifter fork, a tight sliding 
gear on the shaft splines, a battered sliding gear 
tooth, or a damaged synchronizing unit. If a 
bent shifter fork As making it necessary to exert 
greater pressure when gears are shifted, it should 
be either replaced or, if not too badly bent, 
straightened and reused. If the splines in the 
gears or on the shaft become gummed up or bat- 
tered from excessive wear so that the gear will 
not move easily along the shaft spline, then the 
shaft and gears should be cleaned or, if worn, 



replaced. When the sliding gear teeth have been 
battered, notjring can be done to repair the 
gears; new gears are required. The synchronizing 
unit could be tight on the shaft, or it could have 
loose parts, or worn or scored cones; any of 
these would increase the difficulty of gear 
meshing. To correct>)hese and other troubles, 
the transmission must be removed, disas- 
sembled, parts replaced, reassembled, bench 
tested, and then remounted. 

Slips Out of Gear 

When the transmission slips out of gear, im- 
proper adjustment of the gearshift linkage be- 
tween the gearshift lever and the transmission 
can produce pressure on the linkage so that the 
gears would work out of mesh. 

Worn gears or gear teeth may also increase 
the chances of gears coming out of mesh. 
Likewise, if the detent balls (or lockout 
mechanism in the transmission) lack sufficient 
spring pressure, there will be little to hold the 
gears in mesh and they can slip out. Worn bear- 
ings or loose gears on the shaft tend to cause ex- 
cessive play or free motion either bf which 
allows the gears to demesh. 

When the transmission slips out of high gear, 
the trouble could be misalinement between the 
transmission aftd the engine/ If this condition ex- 
ists and is allowed to continue, it could soon 
damage not only the clutch but also transmission 
parts. This misalinement can often be detected 
by the action of the clutch pedal; it causes 
clutch-pedal pulsations^ or nervous pedal. 
Check for misalinement by rotating the 
crankshaft slowly and measuring the amount of 
wobble in the flywheel with a dial indicator. This 
amount should not exceed 0.005 inch. 
Remember to check the manufacturer's 
specifications which vary with different types of 
vehicles. 

No Power to the Propeller Shaft 

If the transmission is in mesh, with the clutch 
engaged, and no power passes through the 
transmission to the propeller shaft, the clutch 
could be slipping. If the clutch is not slipping, 
trouble could be in the transmission itself. Con- 
ditions inside the transmission that would 
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prevent power from passing through to the pro- 
peller shaft include gear teeth being stripped, a 
shifter fork or some other linkage part broken, a 
gear or shaft broken, and a driving key or spline 
sheared off. To find and correct these possible 
troubles, remove the transmission, disassemble, 
replace those parts that are damaged or broken, 
reassemble, and remount after bench testing. 

Gears Clash When Shifting 

Gear clashing that accompanies shifting into 
either second or high gear may be failure of the 
siiychronizing mechanism to operate properly. 
Clashing might well be caused by a broken syn- 
chronizer spring, incorrect synchronizer end 
play, or defective synchronizer cone surfaces. 
Also, gears could stick on the main shaft or the 
clutch could fail to release fully. Gear clashing 
can also be obtained in low or reverse on many 
vehicles if a sudden shift is made to either of 
these postions while the gears are still in motion. 
In some transmissions, these two gear positions 
do not have synchromesh devices. In these cases, 
to prevent gear clash when shifting into either of 
these positions, pause long enough to allow the 
gears to come to rest. If the clutch is not releas- 
ing fully K the gears will still be driven and may 
clash when the shift is made. Conditions that 
may prevent the clutch from releasing fully and 
the procedures for correcting these conditions 
were discussed in the section covering clutch 
troubleshooting. 

Transmission Oil Leaks 

Oil leaks that are observed in the transmis- 
sion could result from any of the conditions 
noted below. 

Lubricant in the transmission case which is 
not the correct type recommended by the 
manufacturer may foam excessively. As it 
foams, it will completely fill the* case and begin 
to leak out. The same thing might happen if the 
oil level is too high. In addition, if the gaskets 
are broken or missing, or if seals and slingers are 
damaged or missing, oil will tend to work past 
the shafts at both ends of the transmission. 

If the drain plug is loose or if the transmis- 
sion bearing retainer is not tightly bolted to the 
case, or if the case is cracked, oil will be lost. 



The right amount of the recommended oil 
should be used in the transmission to prevent ex- 
cessive oil leakage due to foaming. Remove and 
disassemble the transmission so that the defec- 
tive gaskets, oil seals, and slingers can be 
replaced. Reassemble the transmission after 
making these repairs and remount on the vehi- 
cle. 

Transmission Noises 

Several types of noise might be encountered 
in transmissions. Whining or growling, either 
steady or intermittent, might be due to worn, 
chipped, rough, or cracked gears. As the gears 
continue to wear, the noise might take on a 
grinding characteristic, particularly in the gear 
position that throws the greatest load on. the 
worn gears. Bearing trouble often produces a 
hissing noise that will develop into a bumping or 
thudding sound as the bearings wear badly. 
Metallic rattles could be due to worn or loose 
shifting parts in the linkage or to gears loose on 
shaft splines. If the clutch friction-disk cushion 
springs or the engine torsional-vibration 
dampener are defective, the torsional vibration 
of the engine will sometimes carr> back into the 
transmission. This vibration would be apparent 
only at certain engine speeds. 

When analyzing noise in the transmission, 
note whether the noise is obtained in neutral 
with the vehicle not moving or in certain gear 
positions. If the noise is evident with the 
transmission in neutral with the vehicle not mov* 
ing, disengage the clutch. If the noise does not 
stop, the chances are the trouble is not in the 
transmission at all (provided the clutch actually 
disengages and does not have trouble, such as 
stated in the section covering clutch 
troubleshooting). The noise is probably in the 
engine or the clutch. If the noise stops when the 
clutch is disengaged, the trouble is probably in 
the transmission. 

Noise obtained in neutral with the clutch 
engaged could come from transmission misaline- 
ment with the engine, worn or dry bearings, 
woi^n gears, a worn or bent countershaft, or ex- 
cessive end play of the countershaft. These are 
the parts that are in motion when the clutch is 
engaged and the transmission is in neutral. 

Nois^ obtained in gear could result from any 
of the conditions described in the previous 
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paragraph. It could also be due to a defective 
friction disk in the clutch or a defective engine 
torsional-vibration dampeher. In addition, the 
rear main bearing of the transmission could be 
worn or dry, gears could be loose on the main 
shaft, or gear teeth could be worn. Another 
cause of noise could be worn speedoipeter gears. 
Placing the transmission in the different gear 
positions and listening for the noise will help you 
pinpoint the worn parts producing the noise. 

As outlined in previous sections of this 
chapter, wofteUransmission parts should be 
replaced after transmission removal and 
disassembly. 



TRANSFER CASES 

* 

Transfer cases are placed in the power trains 
of vehicles driven by all wheels (fig. 9-12). Their 
purpose is to provide the necessary offsets for 
additional propeller-shaft connections to drive 
the wheels. 

Transfer cases in heavier vehicles have two- 
speed positions and a declutching device for 
disconnecting the front driving wheels. Two- 
speed transfer cases also serve as auxiliary 
transmissions. , 

Some transfer cases are quite complicated. 
When they have speed-changing gears, de- 
clutching devices, and attachments for three or 
more propeller shafts, they are even larger than 
the main transmission. A cross section of a com- 
mon type of two-speed transfer case is shown in 
figure 9-13. 

The declutching mechanism for the front 
wheels consists of a sliding sleeve spline cljitch. 

This same type of transfer case is used for a 
six-wheel drive vehicle. The additional propeller 
shaft connects the drive shaft of the transfer case 
to the rearmost axle assembly. It is connected to 
the transfer casjfc through the transmission 
brakedrum. I 

Some transfer cases contain an overrunning 
sprag unit (or uipts) on the front output shaft. 
C^prag unit is .a form of overrunning clutch; 
power can be transmitted through it in one direc- 
tion but not in the other,) 

On these units the transfer case is designed to 
drive the front axle slightly slower than the rear 
axle. During normal operation, when both front 
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-Transfer case installed in a four-wheel drive 
truck. 



and rear wheels turn at the same speed, only the 
rear wheels drive the vehicle. However, if the 
rear wheels should lose traction and begin to 
slip, they tend to turn faster than the front 
wheels. As this happens, the sprag unit 
automatically engages so that the front wheels 
also drive the vehicle. The sprag unit simply pro- 
vides an automatic means of engaging the front 
wheels in drive whenever additional traction is 
required. There are two types of sprag-unit- 
equipped transfer—a single-sprag-unit transfer 
and a double-sprag-unit transfer. Essentially, 
both types work in the same manner. 4 
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Figure 9-13.— Cross-section of a two-speed transfer case. 



The first indication of trouble within a 
transfer case, as with other components of the 
power train, is usually "noisy" operation. If an 
operator reports trouble, make a visual inspec- 
tion before removing the unit from the vehicle. 
Check for such things as oil level, oil leakage, 
and water in the oil. 

Make sure the shift lever linkages are in- 
spected, if the shift lever linkages are bent or im- 
properly lubricated, it will be hard to shift the 
transfer case or, in some cases, will make 
shifting impossible. Make sure other possible 
troubles, such as clutch slippage, damaged pro- 
peller shaft^and damaged axles have beenf 
eliminated. 



Worn or broken gears, worn bearings, and 
excessive.end play in the shafts will cause noisy 
operation of the transfer case. When it is de- 
cided that the trouble is within the transfer case, 
remove the unit from the vehicle for repairs. 

Make sure the transfer case is thoroughly 
cleaned before disassembly of the unit begins. 
When the unit is disassembled, clean each part 
with an approved cleaning solvent. Inspection of 
the individual parts should follow the same pro- 
cedure as outlined for transmissions. Avoid 
waste by reusing old parts that are good. 

You should check the manufacturer's repair 
manual for the particular make and model of 
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transfer case to insure that proper adjustments 
and assembly procedures are followed. 

POWER TAKEOFFS 

Power takeoffs are attachments in the power 
train for power to drive auxiliary accessories. 
They are attached to the transmission, aCixiliary 
transmission, or transfer case. A common type 
of power takeoff is the single-gear, singfe-speed 
type shown in figure 9-14. This unit is bolted to 
an opening provided in the side of the transmis- 
sion case, as shown in figure 9-10. The sliding 
gear of the power takeoff will then mesh with 
the transmission countershaft gear. The 
operator can move a shifter shaft control lever 
to slide the gear in and out of mesh with the 
countershaft gear. The spring-lpaded ball holds 
the shifter shaft in position: 

On some vehicles, you will find power 
takeoff units with gear arrangements that will 
give two speeds forward and one in reverse. 
Several forward speeds and reverse gear ar- 
rangements are usually provided in power 
takeoff units which operate winches ahd hoists. 
Their operation is about the same as the single- 
speed units. 

The troubleshooting and repair procedures 
for the power takeoff are similar to those for the 
transfer case. \ 



PROPELLER SHAFT ASSEMBLIES 

The propeller shaft assembly consists of a 
propeller shaft, a slip joint, and one or more 
universal joints. This assembly provides a flexi- 
ble connection through which power is transmit- 
ted from the transmission to the live axles. The 
propeller shaft may be solid or tubular. A solid 
shaft is somewhat stronger than a hollow or 
tubular shaft of the same diameter, but a hollow 
shaft is stronger than a solid shaft of the same 
weight. Solid shafts are generally used inside of a 
shaft housing that encloses the entire propeller 
shaft assembly. These are called torque tube 
drives. To make repairs and adjustments to the 
prbpeller shaft assembly in a torque tube, you 
will have to remove the tube. Hollow shafts are 
used in the open. (See fig. 9-15.) 



A slip joint is provided at one end of the pro- 
peller shaft to take care of end play. The driving 
axle, being attached to the springs, is free to 
move up' and down while the transmission is at- 
tached to the frame and cannot move. Any up- 
ward or downward movement of the axle, as the 
springs are flexed, shortens or lengthens the 
distance between the axle assembly and the 
transmission. To compensate for this changing 
distance, the slip joint is provided at one end of 
the propeller shaft. 

The usual type of slip joint consists of a 
splined stub shaft welded to* the propeller shaft 
which fits into a splined sleeve in the universal 
joint. A cross-sectional view of the slip joint and 
universal joint is shown in figure 9-16. 

A universal joint is a connection between two 
shafts that permits one to drive the other at art ; 
angle. Passenger vehicles and trucks usually 
have universal joints at both ends of the pro- 
peller shaft. 

Universal joints are double hinged with the 
pins of the hinges set at right angles. They are 
made in many different designs, but they all 
work on the same principle. The universal joint 
shown in figure 9-17 is used in a torque tube 
drive, and the entire assembly is lubricated with 
light grease within the bell housing which con- 
nects the torque tube to the rear end of the 
transmission case. 

Universal joints normally do not require any 
maintenance other than lubrication. Some 
universal joints (U-joints) have grease fittings 
and should be lubricated when the vehicle has a 
preventive maintenance inspection. Others may 
require disassembly and lubrication periodically. 
When lubricating U-joints that have grease fit- 
tings, use a low-pressure grease gun to avoid 
damaging seals. 

DIFFERENTIALS 

T^he purpose of the differential is easy to 
understand when you compare a vehicle to a 
company marching in mass formation/ When 
the company makes a turn, the members in the 
inside file must take short steps, almost marking 
time, while members in the outside file must take 
long steps and walk a greater distance to make 
the turn. When a motor vehicle turns a corner, 
the wheels on the outside of the turn must rotate 
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Figure 9-15.— Types of drive. 
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faster and travel a greater distance than the 
wheels on the inside. This causes no difficulty 
for front wheels of the usual passenger car 
because each wheel rotates independently. 
However, to drive the rear wheels at different 
speeds, the differential is needed. It connects the 
individual axle shaft for each wheel to the bevel 
drive gear. Therefore, each shaft can turn at a 
different speed and still be driven as a single 
unit. Refer to the illustration in figure 9-18 as 
you study the following discussion on differen- 
tial operation. 



The bevel drive pinion, connected to the pro- 
peller shaft, rotates the bevel drive gear and the 
differential case which is attached to it. Within 
the case, the differential pinions are free to ttlrn 
on indivdual pivots called trunnions. Power is 
transmitted to the axle shafts through the dif- 
ferential pinions and the side gears. The axle 
shafts are splined to the side gears and keyed or 
bolted to the wheels. 

When the resistance is equal on each rear 
wheel, the differential pinions, side gears, and 
axle shafts all rotate as ONE UNIT with the 
drive gear. In this case, there is no relative mo- 
tion between the pinions and the side gears in the 
differential case. That is, the pinions do not turn 
on the trunnions, and their teeth will not move 
over the teeth of the side gears. 

When the vehicle turns a corner, one wheel 
must turn faster than the other. The side gear 
driving the outside wheel will run faster than the 
side gear connected to the axle shaft of the inside 
wheel. To compensate for this difference in 
speed, and to remain in mesh with the two side 
gears, the differential pinions must then turn on 
the trunnions. The average speed of the two side 
gears, axle shafts, or wheels is always equal to 
the speed of the bevel drive gear. 

To overcome the situation where one spinning 
wheel might be undesirable, some trucks are 
provided with a DIFFERENTIAL LOCK. This 
is a simple dog clutch, controlled manually or 
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Figure 9-16.— Slip joint and common joint type of universal joints. 
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Figure 9-17.— Ring and trumjion universal joint. 

automatically, which locks one axle shaft to the 
differential case and bevel drive gear. Although 
this device forms a rigid connection between the 
two axle shafts and makes both wheels rotate at 
the same speed, it is used very little. Too often, 
the driver forgets to disengage the lock after us- 
ing it. There are, however, automatic devices for 
doing almost the same thing. One of these, 
which is used rather extensively today, is the 
high-traction differential. It consists of a set of 
differential pinions and side gears which have 
fewer teeth and a different tooth form from the 
conventional gears. Figure 9-19 shows a com- 
parison between these and standard gears. These 
differential -pinions and side gears depend on a 
variable radius from the center of the differen- 
tial pinion to the point where it comes in contact 
Vith the side gear teeth, which is, in effect, a 
variable lever arm. As long as there is relative 
motion between the pinions and side gears, the 
torque is unevenly divided between the two driv- 
ing shafts and wheels; whereas, with the usual 
differential, the torque is' evenly divided at all 
times. With the high-traction differential, the 
torque becomes greater on one wheel and less on 
the other as the pinions move around until both 
wheels start to rotate at the same speed. When 
this occurs, the relative motion between the pin- 
ion and side gears stops and the torque on each 
wheel is again equal. This device assists 



COMPANION 
FLANGE 



PINION 
SHAFT 




DIFFERENTIAL CASE 



81.196 

Figure 9-18.— Differentia! with part of case cut away. 

considerably in starting the vehicle or keeping it 
rolling in cases where one wheel encounters a 
slippery spot and loses traction while the Other 
wheel is on a firm spot and has traction. It will 
not work, however, when one whe^l loses trac- 
tion compeletely. In this respect, it is inferior to 
the differential lock. 

Wkh the no-spin differential (fig. 9-20), one 
wheel cannot spin because of loss of tractive ef- 
fort and thereby deprive the other wheel of driv- 
ing effort. For example, one wheel is on ice and 
the other wheel is on dry pavement. The wheel 
on ice is assumed to have no traction. However, 
''the wheel on dry pavement will pull to the limit 
of its tractional resistance at the pavement. The 
wheel on ice cannot spin because wheel spleed is 
governed by the speed of the wheel applying 
tractive effort. 

The no-spin differential does not contain 
pinion gears and side gears as the conventional 
differential does. Instead, it consists essentially 
of a spider attached to the differential drive ring 
gear through four trunnions, plus two-driven 
clutch members with side teeth that are indexed 
by spring pressure with side teeth in the spider. 
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Figure 9-19.— Comparison of high-traction differential gears and standard differential gears. 
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Figure 9*20.— No spin differential — exploded view. 



81.198 



Two side members are splined to the wheel axles 
and in turn are splined into the driven clutch 
members. 

DIFFERENTIAL TROUBLESHOOTING 

The first hint of existing trouble in a dif- 
ferential is generally an unusual noise in the rear 
axle housing. To properly diagnose the trouble, 



however, you must determine the source of the 
noise and under what operating conditions the 
noise is most pronounced.- Defective universal 
joints, rough rear wheel bearings, or tire noises 
may be improperly diagnosed by the inex- 
perienced mechanic as differential trouble, 
Some clue may be gained as to the cause of trou- 
ble by noting whether the noise is a growl, hum, 
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or knock; whether it is heard when the car is 
operating on a straight road, or on turns only; 
and whether the noise is most noticeable when 
the engine is driving the vehicle or when it is 
coasting with the vehicle driving the engine. 

A humming noise in the differential generally 
means the ring gear or pinion needs an adjust- 
ment. An improperly adjusted ring gear or pin- 
ion prevents normal tooth contact between the 
gears and, therefore, produces rapid gear tooth 
wear. If the trouble is ^Jl corrected immedi- 
ately, the humming noise will gradually take on 
growling characteristics, and the ring gear and 
pinion will probably have to be replaced. 

It is very easy to mistake tire noise for dif- 
ferential noise. Tire noise will vary according to 
the type of pavement the vehicle is being driven 
on, while differential noise will not. To confirm 
a doubt as to whether the noise is cause by tire or 
differential, drive the vehicle over various types 
of pavement. 

If a noise is present in the differential only 
when the vehicle is rounding a corner, the trou- 
ble is likely to be in the differential case 
assembly. 

AXLES, WHEELS, AND TRACKS 

A live axle may support part of the weight of 
a vehicle and also drive the wheels connected to 
it. A dead axle carries part of the weight of a 
vehicle but does not drive the wheels. The wheels 
rotate on the ends of the dead axle. 

Usually, the front axle of a passenger car is a 
dead axle, and the rear axle is a live axle. In four- 
wheel drive vehicles, both front and rear axles 
^are live axles, and in six-wheel drive vehicles, all 
three axles are live axles. The third axle, part of a 
BOGIE DRIVE, is joined to the rearmost axle 
by a trunnion axle as shown in figure 9-21. The 
trunnion axle is attached rigidly to the frame. Its 
purpose is to help in distributing the load on the 
rear of the vehicle to the two live axles which it 
connects. 

There are THREE types of live axles used in 
automotive and construction equipment. They 
are: semifloating, three-quarter floating, and 
full floating. 

Semifloating Axles 

The semifloating axle (fig. 9-22) that is used 
on most passenger cars and light trucks has its 
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differential case independently supported. The 
differential carrier relieves the axle shafts from 
the weight of the differential assembly and the 
stresses caused by its operation. For this reason, 
the inner ends of the axle shafts are said to be 
floated. The wheels are keyed or bolted to outer 
ends of axle shafts, and the outer bearings are 
between the shafts and the housing. The axle 
shafts, therefore, must take the stresses caused 
by turning or skidding of the wheels. The axle 
shaft in a semifloating live axle can be removed 
after the wheel and brakedrum have been 
removed. ^ 

Three-Quarter Floating Axles 

The axle shafts in a three-quarter floating 
axle (fig. 9-23) may be removed with the wheels 
which are keyed to the tapered outer ends of the 
shaft. The inner ends of the shafts are carried as 
in a semifloating axle. The axle housing, instead 
of the shafts, carries the weight of the vehicle 
because the wheels are supported by bearings on 
the outer ends of the housing. However, axle 
shafts must take the stresses caused by the turn- 
ing, or skidding of the wheels. Three-quarter 
floating axles are used in some trucks but in very 
few passenger cars. ' 

Full Floating Axles 

The full floating axle is used in most heavy 
trucks. (See fig. 9-24.) These axle shafts may be 
removed ^nd replaced without removing the 
wheels or disturbing the differential. Each wheel 
is carried on the end of the axle tube oi\ two ball 
bearings or roller bearings r and the axle shafts 
are bolted to the wheel hub. The wheels are 
driven through a flange on the ends of the axle 
shaft which is bolted to the outside of the wheel 
hub. The bolted connection between axle and 
wheel does not make this assembly a true full 
floating axle, but nevertheless, it is called" a 
floating axle. A true full floating axle transmits 
only turning effort or torque. 

Driving Wheels 

Wheels attached to live axles are the driving 
wheels. The number of wheels and number of 
driving wheels is sometimes used to identify 
equipment. You, as a mechanic, may identify a 

'> . * 



Chapter 9— POWER TRAINS AND AUTOMATIC TRANSMISSIONS 



AND BEARINGS 



! TRANSFER 
CASE 




£2 ] TRUNNION 
AXLE 



! PROPELLER 
, SHAFT 




Figure 9-21.— Bogie four-wheel drive with independent propeller shafts. 
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Figure 9-22. — Semifloating rear axle. 



81.201 



Figure 9-23.— Three-qnirter floating rear axle. 
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Figure 9-24. —Full floating fear axle. 



truck by the gasoline or diesel engine that pro- 
vides the power. Then again, you may refer to it 
as a bogie drive. 

Wheels attached to the outside of the driving 
wheels make up DUAL WHEELS. Dual wheels 
give addtional traction to the driving wheels and 
distribute the weight of the vehicle over a greater 
area of road surface. They are considered as 
single wheels in describing vehicles. For exam- 
ple, a 4 x 2 could be a passenger car or a truck 
having four wheels with two of them driving. A 
4x4 indicates a vehicle having four wheels with 
all four driving. In some cases, these vehicles will 
have dual wheels in the rear. You would describe 
such a vehicle as a 4 x 4 with dual wheels. 

A 6 x 4 truck, although having dual wheels in 
the rear, is identified by six wheels, four of them 
driving. Actually, the truck has ten wheels but 
the four wheels attached to the driving wheels 
could be removed without changing the identity 
of the truck. If the front wheels of thisttruck 
were driven by a live axle, it would be called a 
6x6. 

The tracks on tracklaying vehicles are driven 
in much the same manner as- wheels on wheeled 
vehicles. Sprockets instead of wheels are driven 
by live axles to move the tracks on the rollers. 
These vehicles are identified as eithcpfull-track, 
half-track, or vehicles that can be converted. 

Full-Track ^ 

Full track vehicles are entirely supported, 
driven, and steered by two tracks which replace 
all wheels. 



Half-Track 

Half-track vehicles are supported and steered 
by wheels at the front, and are driven and sup- 
ported by tracks at the rear. In addition tp hav- 
ing driving tracks, some half-track vehicles are 
also provided with front-driven axles. 



SERVICE AND MAINTENANCE 

There are very few adjustments to be made in 
power trains during normal operation. Most of 
your duties concerned withjpower trains will be 
limited to preventive maintenance. You will be 
working with the disassembly, repair, and 
reassembly of transmissions, rear axles, and pro- 
peller shaft assemblies when they break down. 
You will also inspect these units for indications 
of major repairs needed. Major repairs can be 
reduced by proper lubrication and periodic in- 
spection of gear cases, propeller shafts, and 
wheel bearings. 

Proper lubrication depends upon the use of 
the right kind of lubricant which must be put in 
the right places in the amount specified by the 
LUBRICATION * CHARTS. The charts pro- 
vided with the vehicle will also show what units 
in the power train wnl require lubrication, and 
where they are located. These units are similar to 
the ones described and illustrated in this chapter. 

In checking the level of the lubricant in 
GEAR CASES and before -you add oil, keep 
these two important points in mind: first, always 
carefully wipe the dirt away from around the in- 
spection plugs arjd then use the proper size 
wrench to remove and tighten them. A wrench 
too large will round the corners arid prevent 
proper tightening of the plug. For the same 
reason, never use a pipe wrench or a pair of 
pliers for removing plugs. Secondly, be sure the 
level of the lubricant is right—usually just below 
or on a level with the bottom of the inspection 
hole. Before checking the level, allow the vehicle 
to stand for a v while on a level surface so the oil 
can cool and find its own level. Oil heated and 
churned by revolving gears expands and forms 
bubbles. Although too little oil in the gear boxes 
is responsible for many failures of the power 
train, do not add too much gear lubricant. Too 
much oil results in extra maintenance. 
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Excessive oil or grease can find its way past 
the oil seals or gear'cases. It may be forced out 
of a transmission into the clutch housing and 
result in a slipping clutch; or it may get by the 
rear wheel bearings from the differential housing 
to cause brakes to slip or grab. In either case, 
you will have extra work to do. Always clean 
differential and live axle housing vents to 
prevent pressure buildup (caused by heat) which 
can result in leaking seals. 

UNIVERSAL JOINTS and SLIP JOINTS at 
the ends of propeller shafts are to "be lubricated 
if fittings are provided. The same holds true for 
WHEEL BEARINGS. Some of these joints and 
bearings are packed with grease when 
assembled; others have grease fittings or small 
plugs with screwdriver slots that can be removed 
for inserting grease fittings. Do not remove these 
plugs until you consult \ the manual for 
instructions. 

Some passenger cafsand trucks have a 
leather boot or shoe covering the universal and 
slip joint. The boot prevents grease from being 
thrown from the joint and it also keeps dirt from 
mixing with the grease. A mixture of dirt and 
grease forms an abrasive that will wear parts in a 
hurry. Never use so much grease on these joints 
that the grease will be forced out of the .boot. 
The extra grease will be lost and the added 
weight of the grease will tend to throw the 
propeller shaft dut of balance. 

When you are to give a vehicle a thorough 
inspection, inspect the power trains for loose 
gear housings and joints. Look for bent 
propeller shafts that are responsible for 
vibrations, and examine the gear housings and 
joints for missing screws and bolts. Check to see 
that the U-bolts fastening the springs to the rear 
axle housing are tight. A loose spring hanger can 
throw the rear axle assembly out of line, and 
place additional strain on the propeller shaft and 
final drive. When making these inspections, 
always tighten the lugs that fasten wheels j^live^ 
axles. 

After tightening gear housings, loose 
connections, and joints, and finding that no 
repairs are required, road test the vehicle to see 
if the various units, in the power train are 
working properly. Shift the gears into all 
operating speeds and listen for noisy or grinding 
gears. 



AUTOMATIC TRANSMISSIONS 

Different types and models of automatic 
transmissions and their components are used by 
the Naval Construction Force in automotive and 
construction equipment. They include the Turbo 
Hydra-matic 400, International Harvester 
(TD-20 series B tractor and model 250 series B 
loaders), hydraulic torque converter, power shift 
transmission, and Allison Torqmatic 
transmission (series 4460). 

To become thoroughly familiar with 
automatic transmissions, you will need special 
training. The "C-l" advanced schools at Port 
Hueneme, California and Gulfport, Mississippi 
indoctrinate CM's in proper maintenance and 
v repair of automatic transmissions and their 
components. 

As a CM1 or CMC, consider training an 
important part of your job. Get your mechanics 
together for instruction whenever possible. Even 
your best mechanics can learn more about a 
particular subject. Tie the work they will be 
doing and the training together. Thpse 
mechanics who are more skilled in the 
maintenance and repair of automatic 
transmissions can be utilized to help teach other 
mechanics in the shop. A good, all-around on- 
the-job training program will keep you, as well 
as your mechanics up to date on the latest 
changes and developments in automatic 
transmissions. More detailed instructions are to 
be found in manufacturers' service manuals. 

Automatic transmissions ope^e on the 
basic mechanical principles of planetary gears 
controlled by hydraulic pressure. The 
transmission is a series of complex levers that 
enables an engine to move heavy loads with less 
effort. 

Transmissions provide neutral, reverse, and 
forward driving ranges that increase the torque 
from the engine to the rear wheels, as necessary. 
Given a suitable number of torque multiplying 
ratios, i^s possible to improve the performance 
and economy of a vehicle over its entire driving 
range. Changing the ratio automatically relieves 
the operator of the responsibility of selecting the 
best possible ratio for each condition and makes 
driving safer and easier. 
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TURBO HYDRA-MATIC 400 

The model 400 Hydra-matic transmissiqn is a 
fully automatic unit consisting primarily of a 
three-element hydraulic torque converter and a 
compound planetary gear set. Three multiple- 
disc clutches— one sprag, one roller clutch, and 
two bands— provide the reaction elements 
required to obtain the desired function of the 
compound planetary gear set (fig. 9-25). 

The torque converter smoothly couples the 
engine to the planetary gears through oil and 
hydraulically provides additional torque 
multiplication when required. The torque 
converter consists of a driving member, driven 
member, and a reaction member* known 
respectively as the pump, turbine, and stator. 

The compound planetary gear set gives three 
forward ratios and one reverse. Changing of the 
gear ratios is v fully automatic in relation to 



vehicle speed and engine torque input. Vehicle 
speed and engine torque signals are constantly 
fed to the transmission to provide the proper 
gear ratio for maximum efficiency and 
performance at all throttle openings. 

Planetary Gears 

Planetary gears are used in the Hydra-matic 
400 transmission as the basic means of 
multiplyirig the torque from the engine. 
Planetary gears are so named because of their 
physical arrangement. They are always in mesh 
and thus cannot "clash" like other gears that go 
in and out of mesh. The gears are designed so 
that several gear teeth are in mesh or in contact 
at once. This distributes the forces over several 
teeth for greater strength. Because the shafts 
generally used with planetary gear trains can be 
arranged on the same centerline, a very compact 
♦unit can be obtained. 



TORQUE CONVERTER 
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Figure 9-25.— Cut-away view of model 400 Hydra-matic transmission. 
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A planetary gear train consists of a center or 
sun gear, an internal gear or ring gear, and a 
planetary carrier assembly which includes and 
supports the smaller planet gears or pinions (fig. 
9-26). A planetary gear train can be used to 
increase torque, increase speed, reverse the 
directkfn of rotation, or function as a coupling 
or connector for direct drive. Increasing the 
torque is generally known as operating in 
reduction because there is always a decrease in 
the speed of the output member which is 
proportional to the increase in the output 
torque. This means that with a constant input 
speed, the output torque increases as the output 
speed decreases. 

Reduction can be obtained in several ways. 
§ In simple reduction, the sun gear is held 
stationary and power is applied to the internal 
gear in a clockwise direction. The planetary 
pinions rotate in a clockwise direction and 
"walk" around the ^ationary sun gear, thus 
rotating the carrier assembly clockwise in 



reduction (fig. 9-27). When any two members of 
the planetary gear train rotate in the same 
direction at the same speed, direct drive results. 
This forces the third member to turn at the same 
speed. In this condition, the pinions do not 
rotate on their pins but act as wedges to lock the 
entire unit together as one rotating part (fig. 
9-27). To get a reversal of direction, the carrier is 
restrained from turning free and -power is 
applied to either the sun gear or internal gear. 
This causes the planet pinions to act as idlers, 
thus driving the output member in the opposite 
direction (fig. 9-28). In both cases the output 
jnember is turning in a direction opposite that of 
the input member. 

Torque Converter Operation 

The torque converter serves two primary 
functions. First, it acts as a fluid coupling to 
smoothly connect engine power through oil to 
the transmission gear train. Second, it multiplies 
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Figure 9-26.— Planetary gear set. 
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CARRIER 
OUTPUT IN 
REDUCTION 
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\ 



INTERNAL 
GEAR DRIVING 



SUN GEAR, INTERNAL GEAR AND 
CARRIER REVOLVING IN THE SAME 
DIRECTION AT SAME SPEED 
PINIONS DO NOT REVOLVE. 




Figure 9-27.— Simple reduction-direct drive. 
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Figure 9-28.— Reversal of direction. 
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the torque from the engine when additional 
performance is desired. 

The torque converter, as shown in figure 
9-29, consists of the pump (driving member), the 
turbine (driven or output member), and the 
stator (reaction member). The converter cover is 
welded to the pump to seal all three members in 
an oil-filled housing. The converter cover is 
bolted to the engine flex-plate which is bolted 
directly to the engine crankshaft. The converter 
pomp is, therefore, mechanically connected to 
the engine and turns at engine speed whenever 
the engine is operating. 

When the engine is running and the converter 
pump is spinning, it acts as a centrifugal pump, 
picking up oil at its center and discharging this 
oil at its rim between the blades. The shape of 
the converter pump shells and blades causes this 
oil to leave the pump, spinning in a clockwise 
direction toward the blades of the turbine. As 
the oil strikes the turbine blades, it imparts a 
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PUMP 
(DRIVING MEMBER) 



2.541 



Figure 9-29.— Torque Converter Assembly. 



force to the turbine causing it to turn. When the 
• engine is idling and the converter pump is not 
spinning fast, the force of the oil leaving the 
pump is not great enough to turn the turbine 
with any efficiency. This allows the vehicle to 
stand in gear wifl| the engine idling. As the 
vthrottle is opened and the pump speed increases, 
the force of the oil increases and engine power is 
more efficiently transmitted to the turbine 
member and the gear train. After the oil has 
imparted its force to the turbine, the oil follows 
the contour of the turbine sl\ell and blades so 
that it leaves the center section of the turbine 
spinning counterclockwise. 

Because the turbine member has absorbed 
the force required to reverse the direction of the 
clockwise spinning oil, it now has greater forc^ 
than is being delivered by the engine. TtfP* 
process of multiplying engine torque through the 
converter has begun. If the counterclockwise 
spinning oil was allowed to continue to the inner 
section of the pump member, the oil would 
strike the blades of the pump in a direction that 
would hinder its rotation, thus canceling out any 
gains in torque that have been obtained. To 
prevent this from happening, a stator assembly 
is added. 

The stator is located between the pump and 
turbine and is mounted on a one-way or roller 
clutch which allows it to rotate clockwise but not 
counterclockwise. The purpose of the stator is tp 
redirect the .oil returning from the turbine and 
change its direction of rotation back to that of 
the pump member. The energy of the oil is then 
used to assist the engine in turning the pump. 
This increases the force of the oil driving the 
turbine and, as a result, multiplies the torque. 
The force of the oil flowing from the turbine to 
the blades of the stator tends to rotate the stator 
counterclockwise, but the roller clutch prevents 
it from turning. 

With the engine 6perating full throttle, 
transmission in gear, and the vehicle standing 
still, the converter is capable of multiplying 
engine torque by approximately 2:1. As turbine 
and vehicle speed increase, the direction of the 
oil leaving the turbine changes. The oil flows 
against the rear side of the stator vanes in^a 
clockwise direction. Since the stator is now 
impeding the smooth flow of oil, its roller clutch 
automatically releases, and the stator revolves 
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freely on its shaft. Once the stator becomes 
inactive, there is no further multiplication of 
engine torque within the converter. At this 
point, the converter is merely acting as a fluid 
coupling as both the converter pump and the 
turbine are turning at the same speed or at a 1:1 
ratio. 

Hydraulic Operation 

A hydraulic pressure system requires a source 
of clean hydraulic fluid and a pump to 
pressurize the fluid. The Hydra-matic 400 uses 
an internal-external gea$-type pump with its oil 
intake connected to a strainer assembly. The 
strainer intake draws oil from the transmission, 
bottom pan or sump. The pump drive gear is 
keyed to the converter pump hub and, therefore, 
turns whenever the engine is operating. As the 
drive gear turns, it also turns the driven gear, 
causing oil to be lifted from the sump. As the 
gears turn, the oil is carried past the crescent 
section of the pump. Beyond the crescent, the 
gear teeth begin to come together, causing the oil 
to be pressurized as it is squeezed from'between 
the gear teeth. At this point, the oil is delivered 
through the pump outlet to the pressure system. 

Oil pressure is controlled by the pressure 
regulator valve. As the pressure builds, oil is 
directed through an orifice to the top of the 
pressure regulator valve. When the desired 
pressure is reached, the valve moves down 
against the spring, thus opening a passage to 
feed the Converter. When the converter is filled, 
oil returning from it is directed to the 
transmission cooler in the engine radiator. Oil 
returning from the cooler is then directed to the 
transmission's lubrication system. As pressure 
continues to increase, the pressure regulator 
valve moves to expose a port that directs excess 
oil to the suction side of the pump. The 
presssure regulator valve is spring balance^ to 
regulate line pressure at approximately 70 psi at 
idle. 

When the transmission selector lever is 
moved to the D position, the manual valve 
moves to allow line pressure to be delivered to 
the forward clutch. The oil enters the small area 
first to provide a smooth initial takeup.. The 
larger area is then filled gradually by oil metered 



through an orifice to provide the final holding 
force required. " 

With f the forward clutch applied, the 
mechanickl connection for torque transmission 
between tft? turbine sha'ft and main shaft has 
been provided. The LO roller clutch assembly 
becomes effective as a result of the power flow 
through the compound planetary gear set, and 
the transmission is in first gear, ready for the 
vehicle to start mgying. As the vehicle begins to 
accelerate and first gear reduction is no longer 
required, the transmission automatically shifts 
to second gear. The vehicle speed signal for the 
shift is supplied by the transmission governor 
which is driven by the output shaft. The 
governor assembly consists of a regulating valve, 
a pair of primary weights, a pair of secondary 
weights, the secondary springs, the body, and/ 
the driven gear. The governor weights are so 
arranged that the secondary weights act only on 
the regulating valve. Because the centrifugal 
force varies with wejight and speed, small 
changes in output shaft Tpm^at low speed result 
in small governor pressure changes. To give even 
greater change in pressure, the primary weights 
add force to the secondary weights. As the 
primary weight moves out at greater vehicle 
speeds, it finally reaches a stop and is no longer 
effective. From this point on, only the secondary 
weights and secondary springs are used to apply 
the force to the governor valve. 

Drive oil pressure is fed to the governor. This 
in turn is, regulated by the governor valve and 
gives a governor pressure that is proportional to 
vehicle speed. To initiate the shift from first to 
second gear, governor oil pressure is directed to 
the end of the 1-2 shift valve. It acts against the 
spring pressure holding the valve in the closed 
position blocking drive oil. As vehicle speed and 
governor pressiire increase sufficiently to 
overcome spring force, the 1-2 valve opens, 
allowing drive oil to flow into the intermediate 
clutch passage and through an orifice to apply 
the intermediate clutch. This makes the 
intermediate sprag effective which shifts the 
transmission into second gear. Further increases 
in vehicle speed and governor pressure will cause 
the transmission to shift to third gear. 

The operation of the 2-3 shift valve is very 
similar to the 1-2 shift valve operation. Springs 
acting on the valve tend to keep the shift valve 

o . . . 
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closed while governor pressure attempts to open 
the valve. When speed and governor pressype^ 
become great enough to open the 2-3 shift valve; 
intermediate clutch oil passes through the shift 
valve and enters the direct clutch passages to 
apply the direct clutch, thus shifting the 
transmission into third gear. Oil pressure to the 
direct clutch piston is applied only to the small 
inner area in third gear. 

A When the accelerator is released and the 
vehicle allowed to decelerate to a stop, the 
transmission automatically downshifts 3-2 and 
2-1. This is accomplished by the decrease in 
governor pressure as the vehicle slows and the 
springs closing the shift valves in sequence. 

In this system, shifts would always take place 
at the same vehicle speeds when the governor 
pressure overcomes the force of the springs on 
the shift'' valves. When ^accelerating under a 
heavy load or for maximum performance, it is 
desirable to have the shifts occur at higher 
vehicle speeds. To make the transmission shift at 
higher vehicle speeds with greater throttle 
opening, a variable oil pressure called modulator 
pressure is used. Modulator pressure is regulated 
by engine vacuum which is an indicator of 
engine torque and carburetor opening. The 
engine vacuum signal is provided to the 
transmission by the vacuum modulator which 
consists of an evacuated metal bellow, a 
diaphragm, and springs. These are so arranged 
that, when installed, the bellows and one spring 
apply a force that acts on the modulator valve to 
increase modulator pressure. Engipe vacuum 
and the other spring act in the opposite direction 
to decrease modulator pressure; the result is low- 
engine vacuum which gives a high-torque signal 
and high-modulator pressure. High-engine 
vacuum gives a low-torque signal and low- 
modulator pressure. 

Modulator pressure is directed to the 1-2 
regulator valve which regulates modulator 
pressure to a lesser pressure that is proportional 
to modulator pressure. This tends to keep the 
1-2 shift valve in the closed or downshift 
position. Modulator pressure is also directed to 
the 2-3 modulator valve to apply a variable force 
proportional to modulator pressure. This tends 
to hold the 2-3 shift valve in th$ closed or 
downshift position. The shifts can now be 



delayed to take place at higher vehicle speeds 
with heavy throttle operation. 

Line pressure is controlled in D (dn^e}range 
so that it will vary with torque input U> .the 
transmission. Since torque input is a product of 
engine torque and converter ratio, modulator 
pressure is directed tp a pressure regulator boost 
valve to adjust the line pressure for changes in 
either engine torque or converter ratio.- 

To regulate modulator pressure and, in turn, 
line pressure with the converter torque ratio that 
decreases as vehicle speed increases, governor 
pressure is directed to the modulator valve to 
. reduce modulator pressure with increases in 
vehicle speed. In this way, line pressure is 
regulated to vary with torque input to the 
transmission for smooth shifts with sufficient 
capacity for both heavy and light acceleration. 

The 1-2 shift feel and the durability of the 
intermediate clutch are dependent on the apply 
pressure that locks the clutch pack. At minimum 
or light throttle operation, the engine develops a 
small amount" of torque and as a result, the 
clutch requires less apply pressure to engage or 
lock. At heavy throttle, the engine develops a 
great amount of torque which requires a higher 
apply pressure to lock the clutch pack. If the 
clutch locks too quickly, the shift will be too 
aggressive. If it locks too slowly, it will slip 
excessively and burn, due to the heat created by 
the slippage. 

Troubleshooting 

The troubleshooting guide (table 9-1) shows 
some, of the most common operators' 
complaints and measures for correcting troubles 
in the Turbo Hydra-Matic 400 transmission. 
These in-vehicle measures will provide the quick 
answers to transmission problems. For detailed 
out-of-vehicle checks or tests, refer to the 
manufacturer's service manual. 

HYDRAULIC TORQUE CONVERTER 

The International Harvester (TD-20 series B 
tractor and model 250 series B loaders) hydraulic 
torque converter automatically varies the output 
required at the tracks to meet the changing load 
requirements of the tractor. Engine power is 
transferred by the converter with little change in 
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Table 9-1.— Troubleshooting Guide for Turbo Hydra-matte Transmission (Model 400) 



Complaint 


Item to be Checked 


No drive in D range. 

✓ 


a. Oil^vel. 

b. Manual linkage (external). 

c. Oil pressure. 

d. Manual control disconnected internally. 


No drive or slips in reverse. 


a. Oil level. 

b. Manual linkage (external). 

c. Oil pressure. 

d. Modulator or lines. 

e. ClOSSed Strainer Or intakp IpsItq 

f . Reverse feed passage. 

g. Valve check balls. 

h. Reverse servo and accumulator. 

>* 

( i. Pump regulator and boost valve. 


Drive in neutral. 


* * ■ « * 
a. Manual linkace teYternan 


Slips in all ranges. 

• 


a. Oil level, 
b Oil nressure 

c. Modulator or lines, 

d. Clogged strainer or intake leaks. 

e. Valve or body leaks. 


First speed only. 


a. Governor or feedline seals. 

b. Valve or body leaks. 


First and second speeds only. 


a. Detent solenoid. 

b. Detent switch. 

c. Valve or body leaks. 


Shifts occur at too high or too low vehicle speeds 
I 


a. Oil pressure. 

b. Governor or feedline seals. 

c. Modulator or line. 

d. Detent solenoid. 

e. Valve or bo$ leaks. 

f. Pump regulator and boost valve. 



9 

ERIC 



9-34 



Chapter 9— POWER TRAINS AND AUTOMATIC TRANSMISSIONS 



torque when the load is light. When a heavy load 
is encountered, the torque multiplication 
becomes greater, but with a resulting loss of 
tractor speed. It is important to note that the 
converter does not increase engine horsepower, 
but it does increase the amount of torque 
available at the tracks. 

The converter has three basic parts- 
impeller, stator, and turbine. (See fig. 9-30.) The 
IMPELLER is bolted to the converter drive 
housing, and the drive housing is driven by the 
engine flywheel. The STATOR is splined^o the 
stationary ground sleeve hub and contains a row 
of stationary blades, sometimes called guide 
blades or reactor blades. The TURBINE is 
splined to the output shaft. The three parts are 
contained in the converter housing. The housing 
is filled with fluid held at a constant pressure of 
50 to 80 psi during operation to suppress 
vacuum pockets which form at the blades under 
high-fluid velocities. There is no direct 
mechanical connection between the impeller and 
turbine or stator. 

The impeller draws fluid from the opening 
surrounding the hub and ejects it from its blades 
at high velocity. The turbine is positioned 
opposite the impeller, and its blades receive the 
full impact of this velocity. Fluid exits from the 
turbine in the opposite direction of rotation 
from that of tfie impeller. Then, the curved 
blades of the stator (positioned between the 
impeller and turbine) redirects the flow back to 
the impeller in the same direction as the impeller 
is moving, completing the cycle. 

Torque multiplication is determined by the 
speed of the turbine in relation to the impeller. A 
ball thrown at a paddle will strike it with more 
force if the paddle is stationary rather than 
moving in the same direction as the ball. 
Similarly, when the turbine is rotating as fast as 
the impeller, the fluid passes easily through the 
turbine, applying little or no force to the blades. 
As the output shaft slows dowA, the fluid strikes 
the' turbine blades with more force. The 
maximum striking force of the fluid is reached 
when the turbine is stopped. This occurs in the 
tractor when the output shaft is stalled by a 
heavy load. 

The reservoir for the torque converter fluid is 
in the rear main frame. The flow from the 



reservoir to the converter and from the converter 
back into the lubricating system is described 
later in this discussion. 

The troubleshooting chart shown in table 9-2 
will aid you in locating and correcting 
mechanical problems in the International 
Harvester (TD-20 series B tractor and model 250 
series B loader) hydraulic torque converter. 

POWER SHIFT TRANSMISSION 

The International Harvester (TD-20 series B 
tractor and model 250 series B loaders) power 
shift transmission is designed to provide high- 
speed shifting by using hydraulic actuated 
clutches. (See fig. 9-31.) The transmission has 
two forward and two reverse speeds in low 
range, and two forward and two reverse speeds 
in high range. Shifting from one range to 
another is controlled by the HI-LO shifting lever 



V 1 



mounted on the front cover of the transmission. 



The transmission is coupled, by a universal 
joint, to the torque converter which is attached 
to the* flywheel on the engine: Gears are 
mounted on four shafts: the bevel pinion shaft, 
the spline shaft, the forward clutch shaft, and 
the reverse clutch shaft. 

The BEVEL PINION SHAFT consists of the 
high- and low-range gears which are keyed to the 
shaft. (See fig. 9-32.) The shaft is supported at 
the rear by a straight roller bearing, and at the 
front by a double-row taper roller bearing. The 
pinion gear is splined to the rear of the pinion 
shaft and held in place by a nut. A shim pack is 
provided between the front bearing cage and the 
transmission case front cover for setting the 
cone center of the pinion and bevel gear. 

' The SPLINE SHAFT, illustrated in figure 
9-33 rotates on two straight roller bearings. The 
rear bearing is mounted in the transmission case, 
and the front bearing is in the transmission 
cover. The first- and second-speed driven gears 
are held in position on the spline shaft by snap- 
rings and are in constant mesh with the first- and 
second-speed drive gears on the clutch shafts. 
The HI-LO driving gear slides freely on the shaft 
and drives the bevel pinion shaft when brought 
into mesh with either the high- or low-range 
driven gear by the use of the HI-LO shifting 
lever. 
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HYDRAULIC 


PUMP 


Basic Prtttort: 




Normal 


6O-70 M i 


Maximum . 


80 »«i 



Intact tht imatllor, ttator and turbint fc* signs 
af rubbing. If this condition Mists, it is an 
indication that norm af tha b^crmgs in tht 

comrartor noot 1 ropUctmont. If tht bladti art 
axcossivoly wtrnof atm^d, th« tntirt • tstmbly 
must bo rtploctd. 




Input drirt hub ftp -OOS-.OIS" 
(Rofof to manual ttxt fir instructions.) 




OUTPUT SHAFT 

1. Insaact tptmts for axe atuva w»or, burrs ar 
domaoo «nd rtploc* if nocatsory. Slight burrs 
con bo romavtd with a fmi ail st«na, 

2. Impact Hi* laolmf ring groov* far nicks, 
waar and a raavma 




Figure 9-30.— Torque converter. 
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Table 9-2.— Troubleshooting Chart for International Harvester (TD-20 Series B Tractor and Model 250 Series B Loaders) 

Hydraulic Torque Converter 



Trouble 


Possible Causes 


Corrective Measures 


Loss of fluid from torque 
converter. 


Leaking connections. 


Operate the engine at part throttle 
and inspect all lines and connec- 
tions for leaks. Tighten or re- 
place parts as necessary. 


x Leaking converter. 


Check all bolts and nuts and 
gasket joints while the system is 
uncier prebburc. xvcpid^u pdiib 
as necessary. 


Tnrnno fnnvort^Pr 

overheating. 


Operating too long in 
lo\^ efficiency ranges. 


Review operating instructions in 
the operator's manual. 


T .An/ haQip nrpssurp 

i*J\JNV UoDl^ £-rA COOU1 C 


Check for broken lines or loose 
connections on the pressure side 
of the system. Check for exces- 
sive fluid leaking. 


LjOw on level. 


Phork rhp IpvpI in thp rear main 

vilCvIii tile lc ' CI 111 L|IC A vtvi mailt 

frame. 


Thormn hvnuQQ vpIvp in- 
l lie i lllv uy pass v cv* v c in 

operative (if equipped). 


Remove and add parts to operate 
the hydraulic system without a 
thermo bypass valve. 


Converter bypass valve 
sticking. 


Remove valve and clean. Inspect 
bore and spring. ( 


Loss of power. 

« 


Low oil level. 


Check the level in the rear main 
frame. 


Low basic pressure. 


Check for broken lines or loose 
connections on the "pressure side 
of the system. Check for exces- 
sive fluid leaking. 


Converter input pump 
inoperative. 


Inspect pump for damaged parts 
and replace as necessary. 


Converter bypass valve 
sticking. 


Remove valve and clean. Inspect 
bore and spring. 


Engine not up to rated 
performance. 


Refer to engine service manual. 


Grinding or scrapingnoiSe 
inside converter housfrtg* 


Bearing failure allowing the 
turbine or impeller blades 
to strike the fixed stator. 


Replace bearings, turbine, or im- 
peller as necessary. 
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HI-LO SHIFTER LEVER SPRINGS 



Poppet lock 
spring 



Poppet 

^ spring- 

Frt« L»rtftt» T»i» L**fth T»tt L*od 1 



Inch* 



P««nds 

67 



C*ils 

12V, 




Clutch fcV. f*t «td 4mm •stumbly 
•nd »l«7 (Inch): 

N*w clutch Mek •tty. . . .010-.030 

Uttd clutch Hck 010-.Q40 

(R«fut tu «mv«I t«xt fur inttn«cfi9«it.) 



CLUTCH SHAFT 




Usinf an ail stpnu, rum«v« any Wvrrt 
thut mifhtcumofu M«lii»f lurUcti «c 




ft»v*ric clutdi th«ft tnd »luy 

(Inch).. .030..04O 
(ttf*f tt NHinMt f txf f«r 
imtfiKtl«nt.) 



HI-LO SHIFTER FORK AND DRIVING GEAR 




Jmpuct th« hi lt iKift»r fork finfUf i ftr mtitlif n* 
muM *r witr tnd th* ihiftcr f*fk »|«t m th* 
dminf g«tr Ur «nr 

1 Width %f th.fr., f.rk fm««n (Inch) ,3*5.-375 

2 Width tf tUt m drivint v ttr (Inch) .310-. 390 



CEA-S4393 



CLUTCH PLATES 




Intuuct clutch plotvt it •xco»iv« 
wMr and w«rp«f0, 

Minimum tlUw«>lt tfilclcn«ii ftr InUrntlly 
tplintd Wtnx* clutch ulutts (Inch). .016 




FIRST AND SECOND SPEED DRIVE GEAR, 
IU SUING AND THRUST WASHER 

1. Irisutct tht fir st und ttctnd tf*td drive 
fuur end 4tvm • iiumfclitl for txctstivt 
w«tr tr dtmtp*. 

2. Fifit tnd ttctnd »ft«d drivu 9*«r bushing- 
Intldt dltmti«r (ttttmkltd tn 
■••r (Inches) 2.254-2.257 
Maximum tlltw«blt runmnf clttrtncu 
(Inch) 009 

3. Thrutt w«ibtr minimum tllowtklt 
fhiclintst (Inch) 

Pint ipuud driv* .3tl 
S*ctnd • ■•#d driv* f««r Q54 



Figure 9-31.— Po^er shift transmission. 
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SNAP 
RING 



Figure 9-32.— Bevel pinion shaft. 



FRONT BEARING INNER RACE 

Hl-LO SECOND SPEED 
DRIVING DRIVEN GEAR 
GEAR . 




SNAP- 
RING 



FIRST SPEED REAR BEARING 
DRIVEN GEAR INNER RACE 



Figure 9-33.— Spline shaft. 
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CLUTCH DRUM AND GEAR ASSEMBLY THRUST WASHER 
REAR BEARING CONE 
SNAP RING 




THRUST WASHER 



SHAFT 



SPEED P U ,ST0N / REVERSE 

GEAR H0US,NG SECOND DRIVE GEAR 
SPEED GEAR 



Figure 9-34.— Forward clutch shaft. 



2.431 



REAR 
BEARING 
CONE 



SNAP 
RING 



CLUTCH DRUM FRONT 
AND GEAR THRUST B EAR,N G 
ASSEMBLY WASHER C0NE 



SNAP- 
RING 



THRUST 
WASHER 




FIRST PISTON W^ ND DRIVE 
gEED HOUSING ^ pEEDGEAR GEAR 



SHAFT 

"\ REVERSE 
DRIVEN 



GEAR 



The FORWARD CLUTCH SHAFT shown 
in figure 9-34 rotates on a straight roller bearing 
at the rear and at a ball bearing at the front. 

The REVERSE CLUTCIf SHAFT shown in 
figure 9-35 has a straight roller bearing at each 
end. The reverse drive gear is keyed to the front 
of the forward clutch shaft, and the reverse- 
driven gear is keyed to the front of the reverse 
clutch shaft. Each shaft consists of first- and 
second-speed drive gears which ride on bushings 
and are welded to the dual hydraulic clutch pack 
assemblies. 

Forward and Reverse Hydraulic 
Clutch Operation 

The forward and reverse hydraulic clutch is 
actually two clutches on a common shaft with a 
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Figure 9-35.— Reverse clutch shaft. 



common apply force piston between them. The 
clutches allow the simple transfer of oil from the 
disengaged clutch into the cavity created by the 
engaging clutch. This allows a low volume of 
main pressure to actuate the clutch for high- 
speed shifting. 

The heart of the clutch is contained in two 
pistons — the accelerator piston and the force 
piston. Pump oil volume is not needed to fill the 
applying clutch cavity, and only a relatively low 
volume is needed to pressurize the clutch. In 
neutral, all accelerator and force piston cavities 
are filled with oil at lube pressure (10 to 25 psi). 
A selector valve, located on the top of the 
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transmission case, directs ' the oil to the 
accelerator piston cavities and, in turn, to the 
force piston cavities. From this valve, oil is 
directed through the inside of a tube pressed in 
the clutch shaft and a cross-drilled shaft hole 
and on the outside of the tube and through a 
cross-drilled shaft hole to fiU'both clutch piston 
cavities. Once the pistons are filled with oil, they 
remain full under lube pressure. Other small 
cross-drilled shaft holes furnish a constant 
supply of lube oil to the bushing beneath the 
drive gear and drum assemblies and to the clutch 
hubs for distribution through the clutch plates. 



In neutral, neither clutch is engaged; the drive 
gear and drum assemblies are frefc and no torque 
is transmitted through the clutch. (See fig. 9-36.) 

Upon application of a clutch, main oil 
pressure (approximately 200-230 psi) is directed 
through the clutch shaft for the specific side of 
the clutch desired and enters the accelerator 
piston cavity. In figure 9-37, main oil pressure 
enters the accelerator piston cavity (A) through 
the cross-drilled hole in the clutch shaft. During 
this phase, main pressure also lubricates the 
clutch plates and the bushing under the drive 
gear and drum assembly on the activated side. 



STEEL CLUTCH PLATE 

DRIVE GEAR AND DRUM ■ FORQE PISTON , CLUTCH PLATE RETAINER 

ACCELERATOR PISTON 



BACKING PLATE 



ACCELERATOR PISTON CAVITY 
PISTON CENTERING SPRINGS 

CENTERING 
SPRING 

retainer 
clutch Shaft 




CLUTCH SHAFT TUBE 



DISC VALVE \ REINFORCING DISC 
KNOCK-OFF PIN 



LUBE PRESSURE 



Figure 9-36.— Flow of oil through clulch in neutral position. 
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ACCELERATOR 
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MAIN PRESSURE 



LUBE PRESSURE 



FILL PRESSURE 
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Figure 9-37.— Flow of oil through^ clutch in travel position. 



NOTE: Lube oil pressure remains in the 
cavities (C and D) on the unapplied side and 
lubricates the clutch plates and bushing under 
the drive gear and drum assembly. 

Oil entering the accelerator piston cavity (A) 
performs three funfctions: (1) forces the 
accelerator piston, reinforcing disk, and disk 
valve against the separator plate; (2) forces the 
accelerator piston to push the guide pins (knock- 
off dowel pins on clutch packs with swagged- 
type guide pins) against the opposite accelerator 
piston, positioning this piston, reinforcing disk, 
arid disk valve away from the separator plate; 
and (3) starts to move the force piston to the 
right. As a result, the force piston cavity (B) 
expands, and the area in th^ opposite force 
piston cavity (C) contracts in an equal amount. 
At this time, oil in the nonapplied force piston 
cavity (Q enters the holes in the separator plate 



and pushes open the disk valve and enters the 
applying force piston cavity (B). This fill 
pressure puts the clutch in its primary 
engagement position. Simultaneously, main oil 
pressure passes through the orifice in the applied 
accelerator piston and pressurizes the force 
piston cavity (B). When the force piston cavity is 
pressurized, the clutch' is in its full engaged 
position. The reinforcing disk and disk valve in 
area B are now flat against the separator plate. 
(See fig. 9-38.) 

When the transmission is returned to neutral, 
main pressure on the applied clutch is released 
and oil pressure in the disengaging clutch is 
regulated by the lube pressure system. An 
immediate pressure drop occurs within the ^ 
disengaging accelerator piston cavity (A). 
Simultaneously, the compressed piston centering 
springs in the clutch hub return the common 
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ACCELERATOR PISTON CAVITY 



ACCELERATOR PISTON CAVITY 




MAIN PRESSURE 



LUBE PRESSURE 



Figure 9-38.— Flow of oil through clutch in engaged position. 
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apply force piston to its axially centered position 
or neutral. Lubrication of all parts is now 
controlled by the lube pressure system. 

If the selector valve on the transmission is 
positioned to direct main pressure into the left- 
hand clutch instead of neutral, the right-hand 
clutch is disengaged and the left-hand clutch is 
immediately applied. 

Gear Shifter Mechanism 
(Mechanically Controlled) 

The gearshift lever, located on the left-hand 
side of the operator, is connected through 
linkage to the range selector valve assembly on 
the top of the transmission case. Movement of 
the gearshift lever positions the selector valve to 
allow main oil pressure to engage the side of t{ie 
clutch desired. (See fig. 9-39.) 



The HI-LO 'shifting lever (on the 
transmission cover) is held in position by a 
poppet lock in the HI-LO shifter housing. To 
shift from one range to another, the engine must 
be running and the gearshift lever must be in 
neutral position. At this time, main oil pressure 
from the pump passes through a drilled hole in 
the selector valve and through an oil line to the 
shifter housing. Here, it releases the poppet lock 
from the HI-LO shifter poppet. 

Gear Shifter Mechanism 
(Hydraulicaliy Controlled) 

The gearshift hand lever is directly connected 
to the spool of the pilot control valve located 
within the control tower. This valve is connected* 
through hoses to the range selector valve 
assembly on the top df the transmission case. 
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Lubricating oil By-pass Main regulator 
pressure valve valve valve 
(10-25 psi) (50-80 pti) ( 200-230 



Oil pump 



NO 



ERJC 



Lubricating 
oil pressure 
gauge 




"Regulating valve to suction filter tube 
• f"] Return and suction lines [FT] By-pass valve pressure 

(jgjMain oil pressurc(200-23O psi) gg] Lubricating oil pressure (10-25 psi) 



(approximately 40psi from converter outlet-to-safety filter) 
Figure 9-39 — Hydraulic oil flow diagram. 
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Movement of the gearshift hand lever positions 
the pilot control valve spool to allow main 
pressure oil to activate the spool in the range 
selector valve assembly. Main pressure oil within 
the range selector valve is then allowed to engage 
the side of the clutch pack selected. 

RANGE SELECTOR VALVE.— The 
assembly consists of a lock-out spool and two 
range spools. The onl> function of the lock-out 
spool is to separate the lubricating pressure oil 
and the main pressure oil passages within the 
selector valve housing. 

In neutral, the range spools are centered in 
the housing by springs and equal oil pressure. 
Main pressure oil cannot engage the 
transmission clutch packs because the range 
spools are centered and close the ports. 

Under an conditions, lubricating oil pressure 
and main oil pressure are directed by hydraulic 
hose to the pilot control valve inside the gear 
shifter tower and returned to the main regulating 
valve. 

PILOT CONTROL VALVE ASSEMBLY.— 
This valve is manually operated by the gear 
selector hand lever. When the gear selector lever 
is placed in a speed range, the pilot control valve 
allows main pressure oil to act upon the end of 
the range spool selected. This pressure,, being 
higher than the lub?ftating oil pressure at the 
opposite end of the spool, upsets the pressure 
balance and the spbol moves. Main pressure oil 
within the range selector valve housing is then 
directed to the clutch shaft to engage the selected 
clutch pack. 

. Hydraulic Oil Flow 

Th^rear main frame sump is the source of oil 
supply for the transmission, torque converter, 
steering boosters, and pivot brakes. The oil is 
drawn through an oil intake pipe, located at the 
bottom of the rear rr\ain*frame sump, by^he 
suction developed by the pump located in the 
right-hand side of the torque converter. The oil 
leaves the pump at approximately^200-230 psi 
and enters the hydraulic valve spacer (not 
shown) on top of the transmission case. From 
here, the oil is directed through drilled passages 
to the main regulator valve in the main 



regulating valve assembly, to the selector valve, 
and to the steering boosters. 

Through drilled passages in the main 
regulating valve assembly, hydraulic valve 
spacer, and transmission case, oil at lubricating 
pressure (10-25 psi) fills the selector valve and 
transmission clutch shafts for lubrication of the 
transmission clutches. This pressure is 
maintained by the oil passing through the bypass 
valve in the main regulating valve housing, and 
also by the return oil from the oil cooler. When 
th|s pressure is over 25 psi, the lubricating valve 
opens and -the excess oil is returned to the 
suction side of the oil pump. When the selector 
valve is in the neutral position, as shflwn in 
figure 9-39,, the main oil pressure from the pump 
is directed through an outlet hose to the HI-LO.,. 
shift lever lock and hydraulic decelerated va)y£ 
When the selection valve is moved to any other 
position, main ^oil pressure is directed to the 
clutch shaft to epgage the clutch desired. 

When the oil pump pressure- at the main 
regulating valve exceeds 230 psi, the jnain 
regulating valve opens and allows the oil to enter 
the torque converter. Oil pressure in the torque 
converter is maintained between 50-80 psi by the 
bypass valve in the main regulating housing. 
When this pressure exceeds 80 psi, the bypass 
valve opens and allows the excess oil to be 
returned to the suction side of the pump or to be 
used for transmission clutch lubrication. The oil 
on the output side of the torque converter enters 
the air-cooled oil coolers and is returned to the 
suction side of the oil pump through the 
lubricating oil valve, or is directed to the selector 
valve for clutch lubrication if the pressure at the 
'valve is under 25 psi. 

The troubleshooting charUhown in table 9-3 
will assist you in locating sources of mechanical 
troubles, such as transmission oil. pressure 
problems, clutch engagement problems, and 
transmission gear and bearing problems in the 
International Harvester (TD-20 series B tractor 
and model 250 series B loaders) power shift 
transmission. 

ALLISON TORQMATIC * J 

TRANSMISSION (SERIES 4460) 

» 

4 

Thj^-AJlison 4460 series transmissions include 
a torque converter with planetary gears 
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Table 9-3.— Troubleshooting Chart for International Harvester (TD-20 Series B Tractor and Mode! 250 Series B Loaders) 

Power Shift Transmission 



Trouble 


Possible Causes 


Corrective Measures 


Main oil pressure gage 
shows low or high 
pressures. 


Pressure gage malfunction. 


Replace gage. 


Plugged suction or pressure filter. 


Clean suction filter/ Replace 
pressure filter element. 




Air leakage at suction filter. 


Tighten fittings or replace M 0 M " 
rings. 




Air entry into suction line. 


Replace Marmon*clamp gasket. 
Replace "0" rings in system. 




'i 

Main regulating valve springs 
- malfunctioning. 


Remove and replace with new 
valve springs. 


* 


Wrong number of washers at main 
regulating valve springs. 


Do not use more than a total of 
four washers. 




Binding of lube valve, bypass valve 
or main pressure value in Regula- 
tor housing. . 


Check valves. Install new valve 
body gasket. 




Charging pump malfunctioning. 


Replace pump. 


Low oil pressure when 
in forward or reverse 
speed. 


Contaminated or restricted oil 
line's. 


Clean or replace oil lines. 

i 


\ 

Shims or "0".ring leaking at re- 
verse clutch shaft manifold. 


Replace with new shims or "0" 
rings. 




Tachometer drive plug "Coring 
leaking. 


Replace "0" ring. • 


• 


"0." ring at clutch shaft end cover 
leaking. 


Replace "0" ring. 




Oil teakage past cover and cas"e 
gasket ^t reverse manifold. 


Replace "V^k^t, 




Hook type seal rings onjjfoft 
leaking. 


Replace seal rings. 




Clutch piston seal ring leaking. 


Replace seal ring. 


Slow or erratic clutch 
engagement. 


Low oil level. 


Add oil to proper level. 


Clogged filters. 


Remove and clean suction and 
safety filters. Replace pres- 
sure filter element. 


> 


Faulty hydraulic oil pump. 


Replace worn parts or replace 
pump. 



\ 
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Table 9-3. -Troubleshooting Chart for International Harvester (TD-20 Series B Tractor and Model 250 Series B Loaders) 

Power Shift Transmission— Continued 



Trouble 

: I 


1 Possible Causes 


Corrective Measures 


Slow or erratic clutch 
engagement -continued. 

» 

- 


Internal oil leaks. 


fcheck for damaged or worn 

con liner fincrc in flnf/^h nnf*lrc 

OC Allltg 1 lltg^O ill I^IUIUII ^tXV^XVo. 


1 External oil leaksS 


Check all gaskets, lines and 

ponnpp t lone * 

\* \J 1 II IC \* I Ivl IO • 


Low main oil pressure. 


Clean main regulator*- valve and 
bore; check spring tension. 


Selector hand lever improperly 
adjusted. 


Adjust as described in service 

manual. * "N. 
X- 


Contaminated or restricted oil 
lines. 


Clean or replace oil lines. 


Birlding of mam pressure valve in 
regulator housing. 


Check valve. Install new valve 
body gasket. 


flang^ selector valve wiper seal 
leaking. * 


Replace seal. 


Noise in transmission. 


Bearings worn or broken*. Worn 
drive gear and drum bushings. 


Remove and install new parts. 


Foreign material in oil. 


Drain, flush and r£frr£kwith 
clean oil. Clean suctiori and 
^safety filters. Replace ires- 
sure niter element. \ 


Gpars harilv worn 

v C4> A O KJ \AW X j TV \J A lis 


Install npw cpar? 

11I31CUJ. IICW gCAl O. 


Bevel gear and pinion not in 
proper mesh. 


Adjust to proper clearance. 


High oil temperature. 

r 


Clogged oil cooler. 


Remove and clean. 


ImoroDpr trartor oopratiori 


OnpratP in enwaot ran<yp 


Improper torque converter 
Doprat ion 


Refer to table 10-1. 


Low or high oil level. 


Add or drain to oronpr IpvpI 


Oil leakage. 


Check all gaskets, lines and 
connections and replace parts 
as necessary. 


Faulty thermo bypass valve 
. (if equipped). 


Discard valve assembly. 


Faulty hydraulic oil pump. 


Replace worn»parts or replace 
pump. * 


Temperature gage malfunction. 


Replace gage or^sending unit. 


Air entry into suction line. 


Replace Marmon clamp gasket. 
Replace "0" rings in system. 
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controlled by hydraulic -operated clutches. (See 
fig. 9-40.) The entire transmission is a single 
compact unit, equipped with a torque converter 
lockup clutch (for direct drive in any range) ane 
j^a. hydraulic retarder integral with the 
transmission. 

The gear train includes the splitter planetary, 
low-range planetary, intermediate-range 
planetary, and reverse-range planetary. The 
splitter planetary has two clutches, and each 
range planetary has one clutch. High range has 
one clutch. This combination of clutches and 



planetary gears gives six forward ranges and two 
reverse ranges. 

Transmission Model Designation 

transmission configurations are identified J 
by the letters and figures in the model 
designation on the nameplate. The nameplate is 
located on the left side of the transmission 
housing near the rear. In addition to the model 
designation, a transmission part (assembly) 
number (A/N) and a serial number (S/N) appea r 
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F!g|re 9-40.— Allison model CLBT 4460-2 torqtnatic transmission with drop box— right-rtar view. 
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on the nameplate. The assembly number and 
serial number indicate the specific arrangement 
of the transmission and options not covered by 
the model number. Therefore, it is very 
Jimportant that both the serial number and 
assembly number, as well as the model number, 
be given in all correspondence concerning any 
transmission, as well as in the ordering of parts. 

The letters in the model designation (CLBT 
4460-1 or CLBT 4460-2) indicate the following: 

C— Torque converter 
L— Torque converter lockup clutch 
B— HydraiHic (braking) retarder 1 
T— Planetary transmission 

The four figures following the letter 
designation indicate the following: 

. 1st figure (4) — Basic converter, size 400 
2nd figure (4) — Transmission capacity 
3rd figure (6)— Number of forward speeds 
4th figure (0) — Model change 

The dash and figure following the above 
designations indicate the following: 

-1 — Straight-through model 
-2 — Drop box model 

Input Drive ' 

A laminated steel flex-disk assembly 
connects the engine crankshaft with the flywheel 
assembly which is part of the transmission input 
drive. The inner bolt circle of the flex-disk 
assembly bolts to the hub assembly. This hub 
bolts to the engine crankshaft. The outer bolt 
circle of the flex-disk assembly bolts to the 
flywheel. The engine starter ring gear is pressed 
onto the front end of the flywheel's outer 
diameter. 

When the transmission is mounted apart 
from the engine, a drive shaft with a universal 
joint on each end is used. The input shaft and 
drive housing are bolted to the torque converter 
pump (in place of the flywheel used in the direct 
mount). The front cover is bolted to the torque 
converter housing to enclose the front of the 
transmission and suppbrt the input drive shaft 
ball bearing. The bearing is lubricated externally 
through a grease gun-type fitting. 



Torque Converter and Lockup Clutch 

The three-element torque converter is made 
up of a pump, turbine, and stator assembly. 
These elements are cast aluminum with bladed- 
6il passages curved so that the pump (input 
element) directs the oil flow through the turbine 
(output element) as directed by the stator 
(torque multiplying element) for torque 
multiplication. The turbine is splined to the 
shaft that transmits power to the splitter 
planetary carrier. The stator is supported by a 
freewheel roller race, splined to a stationary 
converter ground sleeve so that the stator rotates 
freely on rollers in the direction of pump 
rotation, but it locks against rotation in an 
opposite direction when torque multiplication is 
needed. 

The engine-driven pump blades direct oil 
into the turbine blades, causing the turbine to 
rotate with the pump. This oil returns to the 
pump through the stator vanes. Under heavy 
loads, that slow turbine (output) rotation, the 
stator "locks up" on the one-way, overrunning 
clutch and redirects the oil to increase torque. 
This is the key to torque multiplication. As 
turbine speed approaches pump speed, the stator 
freewheels, and the torque converter becomes a 
fluid coupling. The lockup clutclythen locks up, 
making the converter a straight through, direct- 
drive unit. I 

The lockup clutch consists of \l friction plate, 
splined to the turbine, a clutch backplate, and a 
hydraulic-operated piston, attached to the input 
drive with the friction plate between them. 

When turbine speed approaches pump speed, 
oil pressure is directed to the piston to apply the 
clutch. This locks the input to the output for 
direct drive through the converter for economy 
of operation. Lockufi is released briefly during 
shift changes to provide shock-free converter 
action for a smooth shift. 

Torque Converter Housing and 
Engine-Driven Power Takeoff 

The torque converter housing assembly front 
fits the engine flywheel housing, and its rear is 
bolted to the transmission main housing. On the 
top is a mounting pad for an engine-driven 
beavy-duty, power takeoff. Inside the housing* 
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are the torque converter elements, the input- 
driven pump, and the pump and power takeoff 
gear train. * 

On models equipped with an engine-driven 
power takeoff, which is optional equipment, a 
drive gear is installed on the torque converter 
pump hub and an idler gear on the spindle. The 
idler gear is positioned to mesh with the power 
takeoff driven gear. s 

Splitter Planetary and Clutches 

The splitter planetary includes the carrier, 
the four pinions, the sun gear in thp housing, 
and the ring gear assembly. The four pinions 
rotate on rollers on spindles in the carrier. The 
carrier is part of the turbine output shaft. The 
sun gear is splined to the splitter housing and the 
ring gear is splined to the shaft. 

The splitter planetary overdrive ratio is 
1.00:1,42, in the basic transmission. This is 
provided by 72 teeth in the ring gear, 21 teeth in 
each pinion, and 30 teeth in the sun gear. An 
optional ratio of 1.00:1.32 is available. This i& 
provided by 85 teeth^n the ring gear, 28 teeth in 
each pinion, and 27 teeth in the sun gear. 

* There are two splitter clutches. The smaller 
diameter (direct- drive, low-splitter) clutch has 
two internal-splined clutch plates and one 
external-tanged plate. The larger diameter clutch 
(overdrive, high-splitter) has three internal- 
tanged plates and three external-tanged plates. 
The low-splitter clutch has a piston and a 
reaction plate. The internal-splined or tanged 
plates have a sintered bronze facing on steel and 
the external- tanged plates are steel. 

For direct idrive (low splitter), hydraulic 
pressure is directed against the piston. It 
compresses the clutch plates, locking the 
planetary cayrier and sun gear together. 

With an* two gear members locked together, 
the entire planetary must rotate together as a 
unit for direct drive. 

For overdrive, (high splitter), hydraulic 
pressure is directed against the piston and 
compresses the clutch plates to hold the housing 
(with sun gear) stationary. 

The planetary pii>ions rotate Ground the 
stationary sun gear and overdrive the ring gear. 



Hydraulic Retarder 

The hydraulic (braking action) retarder is 
located between the splitter and range gearing 
and consists of a rotor between two stators. The 
rotor is a bladed member riveted to the retarder 
shaft and rotor assembly. The front stator 
consists of vanes cast into the rear face of the 
splitter clutch reaction plate. The rear stator is 
formed by vanes cast into the front face of the 
high-range clutch diaphragm. 

When the vehicle is in motion, in any drive 
range, the rotor turns at splitter output shaft 
speed, but it functions as a retarder only when 
thejeavity around the rotor is filled with oil. A 
manually operated (usually foot-pedal operated) 
control valve directs oil into the cavity when 
retarding is desired. The churning of the oi! 
between the stators and rotor resists rotation of 
die rotor. Releasing the control valve stops the 
flow of oil into the c^vjt^^and the oil is 
evacuated immediately. The retaTder is used to 
slow the vehicle in traffic, on curves, or on 
downgrades. The churning action heats the oil 
which circulates continuously through the oil 
cooler. • * i 

High-Range Clutch and 
Converter-Driven Power Takeoff 

The high-range clutch includes the housing 
assembly, piston assembly, four internal-splined 
clutch plates, three external-tanged plates, the 
apply plate, and 13 piston return springs. The 
clutch housing is splined to the splitter output 
shaft. The external-splined plates engage the 
housing. The internal-tanged plates engage 
splines on the intermediate-range carrier 
assembly. An external snapring retains the apply 
plate, the clutch plates, and the piston in the 
housing. An internal snapring and retainer 
retain the springs. 

Hydraulic pressure is applied to the high-ring 
clutch piston, and the clutch plates are locked 
together between the piston and the apply plate. 
This locks the intermediate-range carrier and 
sun gear together. As a result of the 
interconnection of the low-range planetary 
carrier with the intermediate-range carrier, both 
planetaries are locked up. Rotation of the 
splitter, output shaft is transmitted to , the 
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low-range planetary carrier assembly and 
transmission output shaft. 

In the basic transmission, a sleeve surrounds 
the high-clutch housing. With the power takeoff 
option, the sleeve is replaced by a PTO drive 
gear which will mesh with a regular-duty PTO at 
either of the two side mounting pads or a heavy- 
duty PTO at an optional top mounting pad 
above the gear. T>iigs on the apply plate engage 
the slots in the gear to provide the drive. ' 

The P'tO drive gear is driven at turbine speed 
in neutral. As turbine speed, approaches pump 
speed, the lockup clutch engages to drive the 
gear at engine speed. 

Intermediate-Range Planetary 

and Clutch — 

The intermediate-rangfe planetary gear, set 
consists of a carrier, six pinions, sun gear, and 
ring gear. The sbt pinions rotate on rollers on 
spindles in the carrier. The carrier is splined to 
the low-range planetary ring gear and supported 
at its forward end by splined engagement with 
the high-range' clutch plates. The sun gear is 
splined to the splitter output shaft. The ring gear 
is splined into the inner circumference of the 
clutch plates. A welded band around the ring 
gear prevents end movement. 

The intermediate-range clutch consists of a 
reaction housing, three internal-splined plates, 
two external-tanged plates, and an apply plate 
compressed by a Belleville spring and piston in. 
the pistori housing. The external-tanged plates 
and apply plate engage the stationary reaction 
housing. The internal-spline rotating plates 
engage the intermediate-range ring gear. 

Hydraulic pressure applied to the* piston 
compresses the Belleville return spring against 
the clutch apply plate, which compresses 9 
alternately the stacked clutch plates against the 
stationary reaction housing. This holds the ring 
gear stationary. 

• The intermediate-range sun gear rotates the 
pinions within the stationary ring gear. The 
rotation of the pinions within the ring gear 
drives the carrier which is splined to and drives 
the low-range rin{j gear. The low-range sun gear 
rotates at the same speed as the intermediate- 
range sun gear. The combination of the low- 
range sun gear and ring gear rotating at different 



speeds drives the low-range carri£F and 
transmission output shaft. 

Low-Range Planetary 
and Clutch 

The low-range planetary gear set consists of a 
carrier, four pinions, sun gear, and ring gear. 
The pinipns rotate on rollers on spindles in the 
carrier which is splined to the output shaft. The 
ring gear splines into the internal splined plates 
of the low-range clutch. The ring gear is splined 
also to the intermediate-range carrier and to the 
shaft of ttoe reverse-range sun gear for 
compounding in intermediate and reverse 
ranges. 

The low-range clutch includes a reaction 
housing, two internal-splined plates, external- 
tanged plate, apply plate, Belleville return 
spring, and piston. The piston housing serves the 
low -range and reverse-range clutches jointly. 
The clutch components and their opejation is 
similar to that of the intermediate-range clutch. 

When hydraulic pressure is direct to the 
clutch piston, the low -range ring gear is held 
stationary. The pinions, driven by the sun gear, 
are forced to rotate within the ring gear. The 
rotation of the pinions within the stationary ring 
gear rotates the carrier assembly and the 
transmission output shaft. 

Reverse-Range Planetary 
and Clutch 

The reverse-range planetary consists of four 
main elements. These are the carrier, six pinions, 
the sun gear, and the ring gear. The pinions 
rotate on rollers on spindles in the carrier. The 
carrier splines to the transmission output shaft. 
The ring gear is splined to the reverse-range, 
internal-splined clutch plates. 

The reverse-range clutch includes a reaction 
housing, two internal-splined plates, external- 
tanged plate, apply plate, Belleville return 
spring, and piston. The piston works in a 
housing, which also serves the low-range clutch. 
The clutch components and their operation is 
similar to that of the intermediate-range clutch. 
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When hydraulic pressure is applied to the 
clutch piston, the planetary ring gear is held 
stationary. The sun gear, driven in reverse by the 
action of the low-range planetary ring gear, 
forces the reverse pinions to rotate within the 
stationary, reverse-range ring gear. The pinions 
drive the reverse-range carrier and transmission 
output shaft. 

Transfer Housing 
(Drop Box Models) 

Where front and/or -rear outputs, offset 
from the transmission certcrline are desired, a 
transfer housing is used instead of the output 
section. A cast-iron housing is fitted to the rear 
of the transmission housing by an adapter. (See 
fig. 9-40.) The adapter supports the reverse- 
range planetary carrier and transmission output 
shaft on a bearing. , 

Output Disconnect Assemblies 

The front output disconnect assembly 
includes a housing, the output shaft, the driven 
coupling, the drive coupling, the shifter fork, 
and the shifter shaft. When the drive is 
disconnected from the front output, the driven 
coupling, shifter fork, and shifter shaft will be 
forward so that the driven coupling and tfoe 
drive coupling are out of mesh. This permits the 
transfer driven gear output shaft to rotate 
without transmitting power to the front output. 
^$icn the driven coupling is rearward, it meshes 
with the drive coupling and the shaft is driven. 

Control Valve Bodies 

The hydraulic retarder control vaive 
assembly is located at the right side of the 
transmission housing near the front. The valve is 
a spool type which slides endwise in the body. 
Ports arc provided in the body which permit oil 
to be directed from the cooler-out connection to 
the retarder-in connection and from the 
retarder-out conneCtiorf to the cooler-in 
connection when the valve is open. When the 
valve is closed, oil flow to the retarder stops and 
the oil remaining in the retarder is exhausted to 
the transmission sump. The stem of the v^lve 
projects from the body toward the rear of the 

j 



transmission. The valve is normally closed 
(toward front). A movement of 1 inch toward 
the rear fully opens it. Shorter movements give 
partial retarder a$)lication. Linkage connects 
the valve to a foot-operated treadle in the vehicle 
cab. 

The mail) control valve body assembly, 
located in the oil pan, controls main oil pressure 
and lockup engagement automatically. In 
addition, it contains the manual selector valve 
by which shifts are made to neutral, six forward 
speeds, and one reverse speed. 

All except the selector valve assembly are 
spool-type valves. The selector valve is a tubular 
type with internal passages. The assembly bolts 
to the bottom of the transmission housing upon 
an oil transfer plate assembly. 

The converter and lubrication pressure 
regulator valve assembly, mounted on the oil 
transfer plate in the sump which is forward of 
the main control valve assembly, has two 
functions. It regulates lubrication pressure and 
converter-in pressure. 

Oil Transfer Plate 

The oil transfer plate is an aluminum casting 
with cast channels to direct oil from valves 
mounted upon it to various passages in the 
transmission housing. The assembly includes a 
(plate, valve, and plugs. The assembly mounts on 
the bottom surface of the transmission housing 
with its channeled side against hhe housing 
bottom. The plate, when installed, retains a 
discharge tube in a vertical position at the right- 
front corner of the oil pan. 

Oil Pumps 

A dual-type oil pump supplied oil pressure to 
both the main circuit and to the converter 
circuit. The oil pump drive gear is driven by the 
Converter pump hub. This results in the oil pump 
being driven at engine speed. The oil puny) drive 
gear meshes with two oil pump driven gears and 
delivers oil at two separate outlets. Figure 9-41 
shows the location of transmission oil pressure 
checkpoints. 
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Figure 9-41.- Transmission oil pressure checkpoints. 



A gear-type pump scavenges both the 
converter housing and the transfer gear housing, 
if used. The scavenge pump drive gear is driven 
by the power takeoff drive gear which is bolted 
to the converter pump. The scavenge pump 
internal drive gear meshes with one pump-driven 
gear (-1 models) or two pump-driven gears (-2 
models) to scavenge the converter housing only, 
or both converter housing and transfer gear 
housing. 

Oil Pan and Screen 

The oil pan is the oil sump of the 
transmission. It also encloses the main control 
valve assembly and oil screen. The oil screen is a 
60 x 40 ityesh, cylindrical screen and is easily 
accessible for removal and cleaning. The same 
type of oil pan is bolted to the bottom of the 
transmission housing on both the straight 
through and the transfer gear models. 

Hydraulic System Operation 

The hydraulic system comprises the valves, 
pumps, lines, clutch application components, 
filters, cooler, flow passages, and controls. The 
function of the hydraulic system is to provide 
the oil flow and oil pressure necessary for all 
hydraulic operation, cooling, and lubrication. 
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Located on the right-front side of the 
transmission is the hydraulic retarder control 
valve assembly. It is a spool-type valve, mounted 
in a horizontal position, and connected by 
linkage with a hand lever or foot pedal operated 
by the driver of the vehicle. 

The retarder is applied when the valve is 
pulled outward from the valve body (toward the 
rear). A spring, located in the rear end of the 
valve, assures an OFF position when the retarder 
is released. Oil supply to the retarder comes 
from the converter-out circuit. The oil flow 
from the retarder is directed to the oil cooler. 

The converter-out pressure regulator valve is 
located in the main transmission housing. The 
valve works against spring pressure and 
regulates oil pressure coming from the converter 
through the cooler. Therefore, converter 
pressure is regulated' by this valve, plus any 
restriction in the cooler and converter-out oil 
line. 

The main oil pressure in the hydraulic circuit 
is regulated by "the movement of the main- 
pressure regulator valve. This is a spool-type, 
spring-loaded valve located in the control valve 
assembly which is bolted to the bottom of the 
transmission housing inside the oil pan. Its 
movement ppens and closes ports through which 
oil may flow. The function and the movement of 
the valve are fully automatic. 

The flow of oil to and from the lockup clutch 
piston cavity is ^controlled by the lockup shift 
valve. When this spool-type valve moves in its 
bore, it opens and closes ports which determine 
whether the lockup clutch is engaged or 
t disengaged. This*valve is located in the control 
valve assembly. 

Governor pressure, acting at the upper end 
of the valve, pushes the valve downward to 
engage the lockup clutch when speed is sufficient 
for lockup operation. In overdrive (second, 
fourth, and sixth gear) operation, overdrive 
clutch pressure is directed to the lower end of the 
lockup plug. This compresses the lockup shift 
valve spring and raises the governor speed at 
which lockup occurs. This action offsets the 
increase in governor speed during overdrive 
operation. 

Operating with the lockup valve is the spool- 
type flow valve. It is located in the control valve 
assembly. Its function is to override the 
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lockup shift valve to disengage the lockup 
clutch, momentarily placing the transmission in 
converter operation when shifts are made. The 
movement of the valve, which is automatic, 
exhausts lockup clutch apply to sump. 

The convertcr-in pressure regulator valve is 
an umbrella-type valve. It is located in the 
^ converter and lubrication pressure regulator 
valve assembly which is bolted to the 
transmission housing inside the oil sump pan. Its 
purpose is to limit converter-in pressure so that 
it will not exceed lockup pressure and thus 
prevent the lockup clutch from engaging. 
Converter pressure is limited during converter 
> operation and during lockup operation. Any 
pressure overages that might occur, such as 
during cold starts, are exhausted to the sump. 

The lubrication regulator valve is a spring- 
loaded, spool-type valve, located in the 
converter and lubrication pressure regulator 
valve assembly inside the oil sump pan. 
Lubrication pressure forces the valve to move 
against its spring pressure, relieving the 
lubrication circuit to the converter-in circuit. 

The main-pressure regulator valve is 
controlled by the pilot valve. Located in the 
same bore as the main-pressure regulator vake, 
the pilot valve regulates main pressure in the 
cavity between the two valves. Its purpose is to 
modulate main pressure and provide a pressure 
reduction to give two pressure schedules. 
Retardcr-out signal pressure assists spring 
pressure in moving the pilot valve toward the 
main-pressure regulator valve, increasing main 
pressure for rctarder operation. Thus, for 
retardcr operation, main pressure is higher to 
prevent the dutches from slipping. 

At the end of the pilot valve opposite the 
spring, two hydraulic forces act ypon the valve 
to move it against its spring pressure and thus 
reduce main pressur^_The ' two forces are 
forward and neutral knockdown pressure antf 
^governor pressure. Thus, during forward, 
(neutral, or high-speed operation, mun pressure 
is reduced. - . „ 

Located in the control valve assembly inside 
the oil pan, the manual selectoc valve is a 
slotted-sjiaft type with two integral passages 
drilled lengthwise. It has eight positions which 
arc manually selected by the operator, and it is 
connected by linkage to a control near the 



operator. Its movements to each of the eight 
positions determine the range in which the 
transmission operates. Each position directs oil 
to clutches requiring engagement for that 
particular range. 

Another function of the manual selector 
valve is to direct oil pressure to the pilot valve in 
neutral and all forward ranges. In reverse range, 
the manual selector valve cuts off oil pressure to 
the pilot valve. Spring-loaded detent balls 
accurately locate the selector valve in each shift 
position and restrain its movement until 
manually shifted. 

The fluid velocity governor provides the 
pressure necessary to assist in the regulation of 
main pressure and to actuate the lockup valve to 
secure lockup of the torque converter. The fluid 
velocity governor consists of two simple ; parts. 
One part is the collector ring which is,sp§jp$d to 
the high*range clutch housing assembly and 
turns at splitter output speed. The othcr^part is 
the pitot tube which is a stationary tube bolted 
to the high-range clutch diaphragm with the 
open end facing opposite the rotation of^the 
governor collector ring. 

/ When the transmission is in operation, oil is 
supplied to the collector ring, keeping it filled. 
Oil is retained in the collector ring by centrifugal 
force as the ring turns. The pitot tube, being in 
and facing the moving oil, receives the oil and 
directs it to the pilot valve and the lockup valve. 
Pressure in the pitot line is proportional to the 
velocity of the oil striking the open end of the 
pitot tube. Pitot pressure, if it exceeds main 
pressure, opens a check valve leading to the 
main oil pressure circuit. This prevents pitot 
pressure from, appreciably .exceeding main 
pressure. 

Hydraulic System in Action 

Oil is drawn from the sump by the two- 
section oil pump and forced into the hydraulic 
sy&tem'through two circuits. One circuit is the 
converter-in circuit; the other is the main 
pressure circuit. Pressure to the converter is 
regulated by the converter-in pressure regulator 
valve. Main pressure is regulated by the main- 
pressure regulator valve in combination with the 
pilot valve. 
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Main oil pressure to the flow valve flows 
around the lands at the upper end of the flow 
valve and on to the lockup valve where it is 
blocked. Main oil also flows through an orifice 
and through a check valve to the opposite end of 
the flow valve; thus main pressure is equal on 
each end of the valve. Because of a slightly larger 
area on the lower end of the valve, main pressure 
holds it in a closed (upward) position. 

Continuing on to the manual selector valve, 
main oil pressure fills the plugged, lengthwise 
passage within the valve. Range clutch oil 
pressure is exhausted to the sump through the 
other lengthwise passage which is open at one 
end. 

In neutral position, the manual selector valve 
has two outlets—the forward and the neutral 
knockdown circuit which leads to the pilot 
valve, and the splitter direct drive clutch apply 
passage. 

In neutral, the two-section oil pump supplies 
oil pressure for the converter-in circuit to charge 
the torque converter. The converter pressure 
regulator valve regulates the pressure for lockup 
operation and for converter operation. During 
lockup operation, lockup pressure moves the 
lockup plug and reduces the valve spring 
pressure, causing the umbrella-type valve to 
open more readily, and reduce the converter-in 
pressure. Oil from the converter flows through 
the cooler to the converter-out pressure 
regulator. If the oil pressure from the cooler 
becomes excessive, the valve will open against its 
spring pressure and exhaust to the sump. 

In neutral, there will be a pressure in the 
pitot {governor) line that is proportional to the 
speed of the pitot collector ring which is driven 
by the turbine. At engine idle speed, this 
pressure will exert only a negligible force on the 
pilot valve and on the lockup valve. 

As turbine speed increases, the pitot collector 
ring rotates faster and builds up pitot pressure. 
The rise in pitot pressure moves the pilot valve 
against its spring, reducing main pressure in the 
cavity between thft pilot valve and the main- 
pressure regulator valve. The reduced main 
pressure in this cavity, in turn, causes a 
reduction in the main pressure controlled by the 
regulator valve. Excessive pitot pressure is 
exhausted to main pressure through a check 
valve. 



The transmission lockup clutch disengages 
automatically to place the transmission in 
converter operation during each range shift. 
Except during range shifting operation, pitot 
pressure controls the operation of the lockup 
clutch. As pitot pressure rises, it forces the 
lockup valve to move against its spring pressure 
and opens main pressure to the lockup clutch 
apply line. Lockup clutch apply pressure flows 
through the flow valve and on to the lockup 
clutch where the converter pump is locked to the 
converter turbine. During a range shift, a 
momentary drop in pressure at the larger end of 
the valve allows the flow valve to move and cut 
off lockup pressure; the lockup clutch apply line 
pressure is exhausted to the sump. To check 
clutches, use air pressure, as shown in figure 
9-42. 

In converter operation, with the lockup valve 
closed by its spring pressure, lubrication 
pressure from the main-pressure regulator valve 
flows to the lubrication pressure regulator valve 
where it is regulated to 100 psi. When the 
lubrication pressure regulator valve opens, oil 
flows into the converter-in passage, 
supplementing the oil flow from the charging oil 
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Figure 9-42. —Checking clutch operation, with air pressure. 
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pump, if converter-in pressure is below 100 psi. 
With converter-in pressure of 100 psi, excess oil 
from the lubrication system is exhausted to the 
sump through the umbrella-type converter-in 
. pressure regulator valve. However, when the 
lockup valve is opened against its spring 
pressure, the valve cuts off the lubrication 
circuit segment leading to the .lubrication 
regulator valve. In this case, the lubrication 
circuit is regulated by the main-pressure 
regulator valve. Each of the lubrication passages 
which supply the clutch and gear package and 
which supply the speedometer drive has an 
orifice to restrj^the flow of oft 

In first gear, hydraulic conditions are the 
same as described*above, except as follows, the 
manual selector valve is in first-gear position and 
main oil pressure is directed to the low-range 
clutch apply line, the low-clutch pressure circuit 
leading to the lockup clutch, the splitter direct 
clutch apply line, and the forward and neutral 
knockdown line. 

As in neutral, lockup will occur as turbine 
speed increases in EACH OF THE SIX 
FORWARD GEARS. 

In second gear, main oil pressure is directed 
to the low-range clutch apply line, the splitter 
overdrive clutch 4pply line, and the forward and 
neutral knockdown line. In this position, the 
manual selector valve exhausts all other clutch 
applyUffies. * 

In third gear, main pressure is directed to the 
intermediate range clutch apply line, the splitter 
direct clutch apply line, and the forward and 
neutral knockdown line. In this position, the 
manual selector valve exhausts all other clutch 
apply lines. 

Ia fourth gear, main pressure is directed to 
the intermediate-range clutch apply line, the 
splitter overdrive clutch apply line, and the 
forward and neutral knockdown line. In this 
position, the manual selector valve exhausts all 
other clutch apply lines. 

In fifth gear, main oil pressure is directed to 
the high-range clutch apply line, the splitter 



direct clutch apply line, and the forward and 
neutral knockdown line. In this position, the 
manual selector valve exhausts the intermediate- 
range clutch apply line to the sump. The splitter 
overdrive clutch is also exhausted to the sump 
through the manual selector valve. 

In sixth gear, main oil pressure is directed to 
the high-range clutch apply line, the splitter 
overdrive clutch apply line, and the forward and 
neutral knockdown line. In this position, the 
manual selector valve exhausts the splitter direct 
clutch apply line to the sump. 

In reverse gear, main oil pressure is directed 
to the reverse-range clutch apply line and the 
direct-drive clutchapply line. In this position, all 
other clutch appfy lines are exhausted to the 
sump. The forward and neutral knockdown line 
is also exhausted which causes the pilot valve to 
move toward, the main-pressure regulator valve, 
increasing main pressure. Thus, a higher main 
pressure is provided for reverse-range operation. 
Lockup can occur in reverse-range operatioiNtf 
sufficient speed is attained. * 

The hydraulic retarder may be applied in any 
gear. When the vehicle operator moves the 
retarder valve to the ON position, converter 
outlet oil from the cooler is directed to the 
retarder-in circuit to fill the retarder cavity. 
Retarder-out oil is directed by the retarder valve 
to the converter outlet oil circuit so that the 
retarder circuit continually flows through the 
cooler while the retarder is in operation. 

Retarder-out signal pressure flows through 
an orifice to the end of the booster plug. If the 
transmission is in lockup, the pressure on the 
booster plug exerts a force on the spring side of 
the pilot valve, causing an increase in main oil 
pressure during retarder operation. If the 
transmission is in converter operation, retarder- 
out signal pressure forces a check valve to open 
and bleed of| the signal pressure to the 
exhausted lockup clutch line and there is no 
increase in main pressure. 

When the retarder valve is returned to the 
OFF position, lands on the valve, blocks the 
retarder passages so that no oil can enter the 
retarder circuit. Any oil remaining in the 
retarder is exhausted to the sump. 

PARTIAL opening of the retarder valve will 
give partial retarder application. Thus, any 
degree of ap^ication is possible. 
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Torque Paths 

Figures 9-43 through 9-50 show the paths by 
whioh torque is transmitted through the torque 
converter and the planetary gearing under 
various cohditions. _ 

In all torque paths, it is assumed that the . 
engine is operating at its normal torque output 
and speed. Even if two clutches are engagecC the 
vehicle will not move when the engine is idling. 

In neutral, the manual selector valve is in^ 
neutral position. (See fig. 9-43.) The torque 
from the engine passes through the torque 
converter by hydraulic action to the turbine 
shaft. Since only the splitter direct-drive clutch is 



applied, there is no output torque. Recall that 
two clutches must be engaged to permit engine 
torque to pass through the transmission to the 
m output shaft. The converter turbine is splinec^to 
* the front of the turbine shaft, ^nd the splitter 
planetary carrier is splined to its rear. ' 

The splitter direct-drive clutch is engaged, 
causing the entire splitter planetary set to rotate 
as a unit. As $ result, the splitter output shaft, to 
whi^h the splitter planetary ring gear is attached, 
turns in the same direction and speed as the 
turbine shafjt. Since no range clutch is applied, 
no torque .is transmitted beyond the splitter 
output shaft. ^However, there is «ome free 
rotation of gears in the range planetary sets. 
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Figure 9-43.— Neutral — torque path. 
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In first-gear lockup, torque is transmitted 
from the flywheel to the turbine by a lockup 
^clutch. Engagement of the dutch locks the hub 
of the turbine to the torque converter pump 
\vhich is bolted to the engine flywheel. (See fig. 
9-44.) With the pump and turbine locked 
together, they rotate as a- unit at engine speed. 
The turbine is splined to the front of the turbine 
output shaft, and the splitter planetary carrier is 
splined to the rear of the shaft. Torque is 
transmitted from the turbine shaft, through the 
splitter planetary, and to the splitter, output 
shaft. The low-range sun gear is splined to the 
splitter output shaft. The low-range clutch is 
applied, holding the low-range ring gear 



stationary. This produces a simple planetary 
action in which the low-range sun gear is the 
driving member, the ring gear is stationary, and 
the low-range planetary is the driven member. 
The planetary carrier is connected to the output 
shaft. As the low-range sun gear rotates, the 
low-range planetary pinions must also rotate. 
This causes them to "walV around the internal 
teeth of the ring gear,jnoving the carrier a^they 
go. The shaft of the low-range carrier is the 
output of the range gearing. 

In second-gear, converter torque is 
transmitted from the engine to the turbine shaft 
by the torque converter. (See fig. 9-45.) The 
torque path through the transmission is the same 
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a*pi first gear, except that the splitter overdrive 
clutch is applied instead of the splitter direct- 
drive clutch. The splitter planetary sun gear is 
held stationary by the clutch. The splitter 
carrier, splfned to the turbine shaft, rotates the 
pinions arqund the sun gear. The ring gear is 
driven by the pinions and- rotates the splitter 
output. shaft at a higher speed than in splitter 
direct drive. 

In third-gear, .lockup, torque is transmitted 
from the engine to the turbine shaft. (See fig. 
9-46.) Torque is then transmitted from the 
turbine shaft, through the splitter,\.and to the 
splitter output shaft. The intermediate-range &un 
gear is splined to the splitter output shaft*. The 



intermediate range clutch is applied, holding the 
intermediate-range ring gear stationary. As the 
stfn gear rotates, rt\e. intermediate-range 
planetary pinions must also rbtate. The rotation 
of tbe pinions causes them td •'walk" around, 
the internal teeth of the ring gear, moving the 
carrier as tfiey go. 

The injermediate-range carrier is splined to 
the low-range ring gear so that the rotation of 
the intermediate-range carrier is imparted to the 
low-range ring gear at the same speed. Thus, the 
two-planetary gear sets are compounded 
together. Since the low-range sun gear and the « 
intermediate-range sun gear are splined to the 
same 9haft, they rotate in the same direction and 
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SPLITTER OVERDRIVE 
CLUTCH' 
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HIGH-RANGE 
CLUTCH 



Figure 9-46.— Third gear, lockup— torque pitb. 
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at tlje same speed. However, the low^range ring 
gear will rotate at a slower ratqof speed than its 
sun gear. . >w 

As a result, the low-range planetary carrier 
will rotate at a slower speed thanjjhe low-range 
sun gear,1>uTr£t a greater speed*tnan would be 
the case if the, low -rjpge ring gear were 
stationary. ^ x • 

^ In fourth-gear, converter torque is 
transmitted from the engine to the turbine shaft 
by the ^Orque cc>nverter. (See fig. 9-47.) The 
torque path through the transmission^ the same 
as described in third gear, except that the splitter 
overdrive clutgh is applied instead of the splitter, 
direct-drive clutch. . . . N 9 ^ 

In fifth-gear, lockup torque is transmitted 
from the engine to the, turbine shaft by- the 



torque converter. (See fig. 9-48.) Torque is 
transmitted from the turbine shaft through the 
splitter, and to the splitter output shaft as 
described in neutral which covers splitter direct 
drive. The application of the high-range clutch 
locks the intermediate-range sun gear to the 
intermediate-range carrier. This action locks the 
entire range planetary system together as one 
rotating unit. 

In sixth-gear, converter torque is transmitted 
from the engine to the turbine shaft* by the 
torque cpnverter.' (See fig. 9-49.) Torgue is 
transmitted from the^turbine shaft througfy the 
splitter planetary as described in second-gear 
'converter. Torque is trarisirjitted through the 
r^nge planetary system frdm the turbine shaft to 
the Jow-range carrier sh^ft. 



\ 
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Figure 9-47. — Fourth gear, converter— torque path. 
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In reverse-gear, coijv 




^rter torque is 
transmitted from the enginep fhe turbine shaft. 
(See fig. 9-50) Torque is transmitted from the 
turbine shaft, through the splitter, and to the 
splitter output shaft. The reverse-range clutch is 
applied, holding the reverse-range rirtg gear 
stationary. Torque is delivered to the reverse- 
range planetary set by the low-range planetary 
set. This means that reverse gear is a compound 
arrangement. Reversing is actually accomplished 
in the lowirange planetary. The reverse-range 
planetary seTv*$peS a further speed reduction/ 
Torque flows from thejlow-range sun gear just 
as if does jn all other gears; however, the 
direction of rotation is reversed through the ldVv- 
range pjanetary pinions and ithe ring' gear. 
Torque for the reversing motion is trarjwnitted 
» 



from the low-range ring gear to the reverse-range 
sun gear and tb the reverse-range planetary 
pinions. Since the reverse-range ring gear is held 
stationary, the pinions "walk" around the ring 
gear, moving the reverse-range carrier in the 
\ reverse direction. The carrier is splined to the 
I 'ojitput shaft. The speed reduction is 4.77:1. ' 

i - i 

^/Troubleshooting 

The troubleshootindchart shown in table 9-4 
will assist you in locatita sources of trouble in 
the Allison torqmatic transmission (series 4460). 
It covers malfunctions of both the engine ai\d 
transmission as they affect transmission 
performance. 
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Figure 9-4S.— Fifth gear, lockup — torque path. 
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Figure 9-49.— Sixth gear", converter— torque path. 
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Figure 9-50. — Reverse gear, converter— torque path. 
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Table 9-4.— Troubleshooting Chirt for Allison Torqmilic Transmission (Series 4460) 



Trouble 



A. Low converter-out 
pressure. 



B. High oil temperatures. 



C> High engine speed at 
1 converted stall 



D. Low engine spee^at 
-converter stall 



Possible Causes 



1. Low oil level. 

2. Oil line leakage (r emote - 
mount cooler or filter), 

3. Plugged oil screen. 

4. Defective oil pump. 

5. High oil temperature, 

6. Foaming oil. 

7. Converter pressure regula- 
tor valve or lube regulator 
valve stuck open. 



1. Low oil level. 

2. High oil level. 

3. -Low water level in cooling 
system. 

,4. Low main pressure. 

5. Low converter-out^pres- 
sure. 

6. Clogged or dirty oil cooler. 

7. Operating too slow in gear 
selected. 

&\ Stator installed without 

rollers. 
9. Vehicle brakes dragging. 

10. Clutch slipping. ***** 

11. Restricted oil lines (remote 
filter or coolerJT 

12. Retarder applied. 



1. 

}. 

3. 
4. 
5. 



'Low oil leveL 
Low converter -out prep- 
sure. 

High oil temperature (aboxe 
250°). * 
Clutch slipping-main oil 
pressure normal. 
Foaming oil. » - 



1. Low engine output torque 



2. Converter elememr inter- 
ference. 




Corrective Measures 



1. Add oil. 

2. Check for oil leaks- 
correct leaks. 

3. Clean screen. 

4. Repair or replace oil 
pump assembly. 

5. (Refer to B.) 

6. ClepJi or replace as neces- 
sary. * 

7. Inspect valve for dirt or 
damaged parts. 



1. Add oil. 

2. Drain to proper level. 
Drain oil to the full mark. 

3. ?fdd water, check for * 
leaks. 

4. (Refer to G.) 

5. (Refer to A.) 

6. ' Clean or replace a& neces- 

sary. 

7., Downshift at a higher 
speed. 

8. Install rollers. * 

9. Check parking and service 
{ brsBces.* ■ 

10. Replace clutchi 

11. Clean or replace as neces- 
sary. 

12. Check linkage. 



1. Add oil. 

2. (Refer to A.) 

3. (Refer to. B.) 

4. Replace clutch. 

5. (Refer to E.) 



1. Tune engine ancftflmeck 
, output; refer to engine 

service manual". 

2. Check for noise at stall; 
overhaul converter if 
necessary. 
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Table 9-4,— Troubleshooting Chart for Allison Torqmatic Transmission (Series 4460)— Continued 



Trouble 



D. Low engine speed at 
converter stall (cont.) 



Possible Causes 



3. Stator installed without 
rollers. 

4. Transmission oil not up to 
operating temperature. 



Corrective Measured 



3. Install rollers, 

4. Wartp transmission up to 
160° to 200° F. 



E. Loss of power 



1. Low engine speed ajt con- 
verter stall. 

2. High engine speed at con- 
verter stall. 

3. Manual selector v&lve not 
positioned properly. ~ 

4. Retarder partially applied. 

5. Vehicle brakes dragging. 



1. (Refer to D.) 

2. (Refer to C.) 

3. Check linkage. 

4. Check-linkage. 

5. Check parking and service 
brakes. 

6. a. Check for low oil level; 

add'oil. 

b. Check for worn input oil 
pump; rebuild or re- 
place pump assembly. 

c. Check for air leaks at 
input oil pump; correct 
leaks. 

" d. Check for water in oil; 
* correct cause, clean 
'system. 
eT Check for high oil level; 
* drain to proper level. 



?. No power transmitted 
An a 



any range. 



1. Drive line failure, k 

2. Manual selector valve not 
positioned properly. 

3. Low oil level. 

4. Low main'pressure, " 

5. Failed pisto'n seals. 



1. Check input and output of 
transmission. 

2. Check linkage; corrett 4 
defects. 

3. Add oil. 

4. (Refer to G.) , 

5. Overhaul transmission. 



G. Low mam pressure. 



1. Low oil level, 

2, Leaks in hydraulic system. 



3. Failure in main pressure 
regulator, 

4. Worn input oil pump as- 
sembly. 

5. Clogged oil screen. 

6. Air leaks aisuction side of 
input pump. 



1. Fill to proper level.- 

2. Check all -external points 
for leaks; check each range 
<for localizing internal 

leaks. 

3. Overhaul control valve 
assembly. 

4. Rebuild or replace oil 
pump assembly. 

5. Clean screen, 

6. % Check input pump; correct 

leaks. - ^ 
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Table 9-4.— Troubleshooting Chart for Allison Torqmatic Transmission (Series 4460)-Contlnued 



Trouble 


Possible Causes 


Corrective Measures 


H. No power transmitted 
in one range. 


1. Manual selector linkage out 
of adjustment. 

2. Law main pressure in one 
range. 

3. Clutch slipping. 


1. Adjust linkage. 

2. Check for worn piston 
seals or broken housing. 

3. Replace clutch. 


I. Slow clutch engage- 
ment. 


1. Low oil level. 

2. Foaming oil. 

3. Worn piston seals. 

4. Low main pressure. 


1. Fill to proper level. 

2. (Refer to E.) 

3. Overhaul transmission. 

4. (Refer t^pG.) 


J. Transmission locked 
in all gears. 


0 


This indicates failed trans- 
mission parts and overhaul is 
required. 


(Note: "Failed," in respect to clutches, as used in K 
through £, belo^w, does not indicate slippage. It indicates 
that\he clutches are not releasing— that they are locked in 
some way.) * 




K. Vehicle drives in first, 
V third, fifth, and reverse 
but stalls when shifted 
to second, fourth, or 
sixth* 


m 


The splitter direct drive 
clutch has failed and the 
transmission must be over- 
hauled. % 


fc L. Vehicle drives* in sec- 
ond, fourth, and sixth 
but stalls when shifted 
to first, third, fifth, or 
reverse. 4 


/ 


The splitter overdrive clutch 
has failed and the transmis- 
sion must be overhauled. 


M. Vehicle drives in first 
or second and moves 
forward" in neutral when 
engine is accelerated, 
but stalls in all other 
gears when engine is 
accelerated. 




The low-range clutch has^v^ 
failed and the transmission 
must be overhauled. 

\ 
\ 


N. Vehicle drives in third, 
or fourth and moves \ 
forward in neutral when 
engine is accelerated, 
but stalls in all other 
gears when engine is 
accelerated. 


* 


— 1 , 

The intermediate-range clutch 
has failed and the transmis- 
sion must be overhauled. 


0. Vehicle drives in fifth or 
sixth and moves, forward 
* in neutral when engine 

is accelerated, but stalls 
« in all other gears when 
engine, is accelerated. 




_j * 

The high-range clutch has 
failed and the transmission . 
must be overhaul^. 



« 
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Tabic 9-4.— Troubleshooting Chart for Allison Torqmttic Transmission (Series 4460) — Continued 



Trouble 


Possible Causey 


Corrective Measures 


^P. Vehicle drives in re- 
verse range andrtioves 
backward in neutral 
when engine is accel- 
erated, but stalls in 
all other gears when 
engine is accelerated. 




The reverse-range clutch has 
failed and the transmission 
must be overhauled. 
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A 

A.c. electrical systems, 6-1 to 6-4 
alternators, 6*1 
rectifiers, 6-2 
regulators, 6-2 to 6-4 

Accident prevention program, administering a 
company, 1-8 to 1-15 ^ 
accident reporting, 1-10 to 1-15 
safeguards and safety education, 1-9 
safety inspections, 1-10 
supervision and safety, 1-8 to 1-9 

Administration^ 1-1 to 1-36 

administering a company accident preven- 
tion program, 1-8 to 1-15 
accident reporting, 1-10 to 1-15 
safeguards and safety education, 1-9 
^gfety inspections, M0 # 
supervision and safety, ' 1-8 to 1-9 
Advanced Base Functional Components, 

1-34 to 1-35 
correspondence, official, 1-15, 1-22 to 1-27 
memorandums, 1-22, 1-25 
messages, 1-25 to 1-27 —> 
specdletters, 1-25 * 
standard naval letters, 1-22 to 1-24 
Facilities Planning Guide, 1-33 to 1-34 
tailoring components and facili- 
ties, 1-34 
use and application, 1-34 
Personnel Readiness Capability Program, 
1-1 to 1-8 
interviews, 1-4 
skill inventory, 1-1 to 1-3 
steps for interviewing, 1-6 to 1-8 
using the Standards and Guides for 
* individual rating skills, 1-4* to 1-6 



. Administration— Continued 

training and development of subordinates, 
1-27 to 1-33 . 
on-the-job training, 1-29 to 1-33 
training needs, 1-29 
training organization, 1-27 to 1-28 
Advanced Base Functional Components, 1-34 
to 1-35 

Air, brake systems, 8-1 1, 8-16, 8-18 
Air induction system, 7-26 to 7-32 
blowers, 7-26 no 7-28 
superchargers, 7-28 to 7-29 
turbochargers, 7-29 tcv 7-32 
Air-over-hydraulic,, brake systems, 8-16, 8-18 

to 8-19 
" Air- pollution control, 2-8 

fuel combustion, 2-8 \ 
sprays and gases, 2-8 
Allison torqmatic transmission (series 4460), 
9-44 to 9-67 - 

control valve bodies, 9-51 

high-range clutch and converter-driven - 

power takeoff, 9-49 
hydraulic system operation, 9-52 to 9-53 
hydraulic retarder, 9-49 
hydraulic system in action, 9-53 to 9-55 
input drive, 9-48 

intermediate-range planetary and clutch, 
* 9-50 

low-range planetary and clutch, 9-50 
oil pan and screen, 9-52 
oil pumps, 9-51 
oil transfer plate, 9-51 
output disconnect assemblies, 9-51 
reverse-range planetary and clutch, 9-50 
splitter planetary and clutches, 9-49 . 
torque converter and lockup clutch, 9-48 
torque convener housing and engine-driven 
power takedff, 9-48 
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Allison torqmatic transmission (scries 4460)— 
Continued 

torque paths, 9-56 to 9-60 

transfer housing (drop box models), 9-51 

transmission model designation, 9-47 

troubleshooting, 9-60 to 9-67 
Alternator test, 6-5 
Alternators, 6-1 

American Bosch fuel pumps, 7-11 to 7-16 
checking the nozzle after reasseihbly, 7-16 
nozzle cleaning and inspection, 7-16 
nozzle operation, 7-14 
nozzle reassembly, 7- 16 
nozzle troubleshooting, 7-14 to 7-16 
operation, 7-11 to 7-13 
troubleshooting, 7-13 
- types of nozzles, 7-13 
Arrow diagram, construction schedule 

drawings, 4-26 , 
Automatic transmissions, 9-27 to 9-67 

Alli$on torqmatic transmission (series 

44&)), 9-44 to 9-67 
hydraulic torque converter, 9-33 to 9-35 A , 
' power shift transmission, 9-35, 9-38 to 9-44 
turbo Hydra-matic 400, 9-28 to 9-33 
Automotive repair supervisors, 4-5 
Auxiliafy lights, inspection of lighting equip- 
ment, 8-8 to 8-9 
Auxiliary transmission, 9-11 to 9,-13 
Axles, wheels, and tracks, propeller shaft 
assemble, 9-24 to 9-26 > « • 



Battalion equipment company shops supervisor, 
4-1 to 4-32 

Battalion Equipment Evaluation Program, 
' 4-20 to 4-25 

joint responsibilities, 4-21, 4-25 
repair parts (BEEP), 4-25 
responsibilities of the battalion being 

relieved, 4-21 
responsibilities of the relieving 
battalion, 4-21 
battalion maintenance program, 4-12 
to 4-16 

Equipment Repair Order and continu- 
ation sheet, 4-16 1 \ 
intermediate maintenance, 4-12 to 4W14 
organizational maintenance, 4-12 
scheduling maintenance, 4-14 to 4-16 
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Battalion equipment company shops super- 
visor—Continued 
construction fchedule drawings, 4-26 
to 4-32 

arrow diagram, 4-26 

critical path, 4-2^ 

network analysis, 4-27 to 4-29 

precedence diagram, 4-30 to 4-32 
embarkation, 4-25 to 4-26 

inspecting, 4-26 

preparing, 4-26 

scheduling, 4-25 

staging, 4-26 

transporting, 4-26 
maintenance supervisors, 4-3 to 4-11 

automotive repair supervisors, 4-5 

cost control supervisors, 4-9 to 4-1 1 

heavy equipment repair supervisors, 

/ 4-6 to 4-7 

shop inspectors, 4-4 1 

support section supervisors, 4-8 to 4-9 

technical librarian, 4-1 1 - 
repair parts, 4-17 to 4-20 

prepackaged library ^4-17 to 4-19 

procedures for requesting repair 
"parts, 4-19 
setting up a maintenance branch, 4-1 to 4-3 
. "heat, light, and ventilation, 4-3 

safety, 4-2 

tools aftd equipment, 4-1 to 4-2 

Battalion shop inspector, 8-2 

Battery drain test, -6-8 

> r 

Battery starter test, troubleshooting the 

cranking system, 6-12 to 6-18 
cranking voltage test, 6-13 
solenoid switch circuit resistance test, < 
" 6-17 to 6-18 

starter ground circuit resistance test, 6-16 
starter insulated circuit resistance test 

(cables and switches)' 6- 14 to 6-16 
starting motor current draw test, 6-44 

"BEEP" inspections, 8-23 

Blowers, air induction system, 7-26 to 7-28 

Bosch nozzles, 7-13 to 7-16 

Brake horsepower, 5-3 

Brake systems, inspection of, 8-9 to 8-20 

Bypass procedure, engin£ analyzer screen, 6-11 



INDEX 



Camshaft, 5-28 to 5-29 
checking, 5-28 , 
feplacing bearings, 5-29 

Capacitor discharge ignition system, 6-19 

Caterpillar fuel injection systems, 7-1 to 7-7 
compact fuel system, 7-4 to 7-5 
forged body fuel system, 7-1 to 7-4 
sleeve metering system, 7-5 to 7-7 

Charging circuit diodes, 6-10 

Charging system, troubleshooting with a volt- 

• ampere tester, 6-7 to 6-8 

circuit resistance test, 6-7 ' 
ground circuit resistance test, 6-8 
insulated circuit resistance test, 6-8 

Charting procedures and progress control, 3-1 1 
to 3-12 

^atance lamps, inspection' of light^equip : 
ment, *8=8- 
Clutctefc 9-1 to 9-5^ ^ ^ 

. troubleshooting, 9-3 to 9^T ^7 ■ 
Compact' fuel system, Catdrpillar, 7-4 to 7-5^^ 
governor, 7-4 / 
So eration, 7-4 

troubleshooting,, 7-5 * 
Compression test, 5-13 
Connecting rod noise, 5-12 
Cohstant mesh transmission, 9-8 * \ 
Construction and specialized equipment s\\pp 

foreman, 3-5 A 
Construction schedule drawings, 4-26 to 4-32 
arro% diagram, 4-26 • * 
critical path, 4-26 
network analysis, 4-27 to 4-29 
precedence diagram, 4-30 to 4-32 
Controls, instruments, and warning devices, 

inspection of, 8-21 to 8-22 ' 
Conv?ntional/coll ignition system, trouble- 
shooting, 6-22 to 6-24 ' 
Conversions metric, horsepower, 5-2 to 5-3 
Cooperation; development of, 2-5 
Correspondence, official, 1-15, 1-22 to 1-27 

• memorandums, 1-22, 1-25 > 
4 messages, 1.-25 to 1-27 * 
speedletters, 1-25 

standard naval letters, 1-22 to 1-24 
Cost control, 3-6 to 3-8 N 
cost justification, 3-8 
depth of jnaintenance, repair, and over- 
haul, 3-7 
records and reports* 3-7 



Cost control supervisors, 4-9 to 4-11 

Crankip&voltage -test, ,6-13 

Crankshaft knock, 5-13 

Crankshaf\, slicing, 5-30 to 5-31 
checking bearing fit, 5-30 
. checking end play, 5-31 
checking journals and bearings, 5-30 
removing bearing caps, 5-30 

Cummins Pressure Time fuel system, 7-22 
to 7-25 I 
injector maintenance and testing, 7-25 
pump dleaning and inspection, 7-24 
pump disassembly, 7-23 
pump reassembly, 7-24 
pump tdsting, 7-24 
troubleshooting, 7-22 

Cylinder leakkge test, 5-15 

Cylinder, servicing, 5-31 to 5-32 
checking \yalls, 5-31 
refinishing, 5-32 
service, 5-31 

i ^ D 



Deadline equipment, inspection of] 8-23 
Delco-Remy, unit ignition system, 6-21 
Diagnosing engine problems, 5-11 to 5-21 
engine noises, 5-12 to 5-13 
excesjsive oil consumption, 5-11 
low oil pressure, 5-12 
micrometers, 5-17 tO'5-21 
testing, 5-13 tb^5-lJ 
Diesel fuel systems,*7-l to^-32 

air induction system, 7-26 to 7-32 
blowers, 7-26 to 7-28 
superchargers, 7-28 to 7-29 
turbochargers, 7-29 to 7-32, 
American Bosch fuel pump, 7-11 to 7-16 
checking the nozzle after reassem- 
bly, 7-16 

nozzle^lpaning and inspection, 7-16 
nozzle operation, 7-14 
nozzle reassembly, 7-16 
nozzle troubleshooting, 7-14 

to 7-16 . 
operation, 7-11 to 7-13 
troubleshooting, 7-13 
types of nozzles, 7-13 



CONSTRUCTION-MECHANIC T & C 



\ 



Diesel fuel systems— Continued 

Caterpillar fuel injection systems, 7-1 to 7-7 
«■ compact fuel system, 7-4 to 7-5 
forged body fuel system, 7-1 to 7-4 
sleeve metering system, 7-5 to 7-7 
Cummins -Pressure Time fuel system, 7-22 
to 7-25 

injector maintenance and testing,7-25 

pump cleaning and inspection,7-24 

pump disassembly ,7-23 

pump reassembly, 7-24 
/ pump testing, 7-24 * 

troubleshooting, 7-22 
General Motors fuel system, 7-16 to 7-21 

checking the injector after reassem- 
bly, 7-21 

injector cleaning and inspection,7-21 
injector disassembly, 7-21 
testing, 7-17 to 7-21 
trqptyeshooting, 7-17 
\ Roosa Master fuel injector pump, 7-7 
to 7-11 

cleaning and inspection, 7-11 
disassembly, 7-10 
reasserhbly, 7-11 
removal, 7-10 

troubleshooting, 7-7 to 7-10 
Differentials, propeller shaft assemblies, 9-19 
to 9-24 , . , ■ 

troubleshooting, 9-23 to 9-24 * 
Ixodes, 6-10 to 6-11 

charging circuit, 6-10 
open and shorted, 6-1 1 
weak, 6-11 

Directional signals, inspection of lighting equip- 
ment, 8-7 to 8-8 *» 
Drawbar and belt horsepower, 5-4 to 5-5 
Duties arjd responsiblities, supervisory, 2-2 
tA2-3 



E 

Electrical systems and equipment, 6-1 to 6-26 
a,c, electrical systems, 6-1 to 6-4 
-\ alternators, 6-1 * w 
rectifiers, 6-2 * 
regulators, 6-2 to 6-4 ■ ; 
ignition systems, 6-18 to 6-21 

capacitor discharge ignition sys- 
tem, 6-19 




Electrical systems and equipment— Continued 
ignition systems— Continued 

Chrysler electronic lean burn system/ 

electronic spark control, 6-20 
electronic ignition system (Chrysler), 

6-19 to 6-20 7 
transistor ignition system (bfeaker- 

point type), 6-18 
transistor ignition system (magnetic- 
pulse type), 6-19 
unit ignition system (Delco- 
Remy), 6-21 I 
troubleshooting the alternator using the 
engine analyzer screen, 6-10 to 6-12 
bypass procedure, 6-11 
charging circuit diodes, 6-10 
open and shorted diodes, 6-1 1 
shorted windings, 6-12 
weak diodes, 6-11 \ 
troubleshooting the charging systenl with a 
volt-ampere tester, 6-4 to 6-10 A 
• alternator test, 6-5 <V,--"'' 
battery drain test, 6-8 to 6-10 
\^ charging system circuit resistance 
test, 6-7 . 
charging system ground circuit resist- 
ance test, 6-8 
charging system insulated circuit resist- 
ance test, 6-8 
excessive output test, 6-7 
generator test, 6-6 
regulator ground circuit resistance 
test, 6-8 

troubleshooting the cranking system using 
the battery starter test, 6-12 to 6-18 
cranking voltage test, 6-3 
solenoid switch circuit resistance test, 

6-17 to 6-18 
starter ground circuit resistance 
test, 6-16 

starter insulated circuit resistance test 
f (cables and switches), 6-14 to 6-16 

starting motor current draw test, 6-14 
troubleshooting the ignition Systems, 6-22 
to 6-26 

* ^onventional/coil ignition system, 6-22 

\ \ to 6-24 ' , 

electronic ignition system, 6-25 to 6-26 
transistor ignition systems, 6-24 to 6-25 
Electronic ignition system (Chrysler), 6-19 
[ to 6-20 
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Electronic ignition system, troubleshooting, 

6-25 to 6-26 
Electronic lean burn system/electronic spark 

control, Chrysler, 6-20 
Embarkation* 4-25 to 4-26 
inspecting, 4-26 

preparing, 4-26 4 

scheduling, 4-25 

staging, 4-26 

transporting, 4-26 
Embarkation inspections, 8-22 
Emergency, brake systems, 8-19 to 8-20 
Engine analyzer screen, troubleshooting the 

alternator, 6410 to 6-12 

i 

bypass procedure, 6-11 
charging circuit diodes, 6-10 
open and shorted diodes, 6-1 1 
shorted windings, 6-12 
weak diodes, 6-11 
Engine overhaul, 5A1 to 5-35 

diagnosing engine problems, 5-11 to 5-21 
i engine noises, "5~ 12 to 5-13 
excessive^ oi\c6nsumption, 5-11 
low oil pressure* 5-l;2 
micrometers, 5-17 tp 5-21 
testings 5-13 to 5-171 \ 
graphs and diagrams, 5-5\o 5-9 I 
performance curves, 5o j . 
timing ^iaTgrams, 5-6 tcx 5-9 [ N 
horsepower and horsepower ratinjgs,^5-l 
j to 5-5 \ 
brake horsepower, 5-3 1 
conversion to metric, 5-2 tof-3 
drawbar and belt horsepower, 5-j4 

to 5-5 . ' \ 

^friction horsepower, 5-4 
indicated horsepower, 5-1 
power lojsses and failure, 5-9 to 5-11 
servicing pistons and rings, 5-32 to 5p35 
cleaning pistons, 5-33 
fitting pistons, 5-33 
fitting piston pins, 5-33 
fitting piston rings, 5-34 to 5-35 
servicingtfie crankshaft and cylinders, 
5-29 to 5-32 
checking bearing fit, 5-30 
checking crankshaft end play, 5-31 
checking crankshaft journals and 

bearings, 5-30 
checking cylinder walls, 5-31 
cylinder service, 5-31 x 
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Engine overhaul— Continued 

servicing the crankshaft and cylinders- 
Continued 
refinishing cylinders, 5-32 
removing bearing caps, 5-30 
servicing valves, valve mechanisms, and 
cylinder heads, 5-21 to 5-29 
checking the camshaft, 5-28 
grinding valves, 5-23 
grinding valve seats, 5-25 to 5-27 
replacing camshaft bearings, 5-29 
replacing valve seat inserts, 5-27 
servicing rocker arms, 5-28 
servicing valve guides, 5-24 to 5-25 
servicing valve HTters, 5-28 
testing valve springs, 5-28 
timing the valves, 5-29 
valve adjustments, 5-21 to 5-23 
valve removal, 5-23 
valve troubles, 5-21 
, Equipment Evaluation Program, Battalion, 4-2Q 
to 4-25 

* joint responsibilities, 4-21, 4-25 
repair parts (BEEP), 4-2§ 
responsibilities of the battalion being 

relieved, 4-21 
responsibilities of the relieving bat- • 
talion, 4-21 i 
E^uipiment maintenance branch, manager 

3-3 - ! 
Equipment Repair Order and continuation 

shefet, 4-16 | 
Estimating procedures, 3-12 j 
equipment, 3-12 * 
Manpower, 3-12 
•Excessive output test, 6-7 
Exhaust systems 1 , inspection of, 8-20 to\8-21 




Facilities Planning Guide, 1-33 to 1-34 

tailoring components and facilities, 1-34 
use and application, 1-34 
k ifth wheel and trailer, inspection of, 8-22 
Forged body fuel system, Caterpillar, 7-1 
to 7-4 
testing, 7-2 to 7-4 
troubleshooting, 7-2 ♦ 
Four-speed truck transmission, 9-5 to 9-8 
Friction horsepower, 5-4 
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Fuel spillage, 2-9 

bulk fuel spills, 2-9 
field repair spills, 2-9 
station fuel spills, 2-9 



Gage care and maintenance, testing, 5-17 . 
General Jdotors Yuel system, 7-16 to 7-21 

checking the injector after reassembly, 7-21 
N * injector cleaning and inspection, 7-21 

injector disassembly, 7-21 

testing, 7-17 to 7-21 

troubleshooting, 7-17 
Qenerator test, 6-6 

Graphs and diagrams, engine overhaul, 5-5 
to 5-9 

performance curves, 5-5 

timing diagrams, 5-6 to 5-9 t 
Grinding valve seats, 5-25 to 5-27 
Grinding valves, 5-23 t * 
Ground circuit resistance test, 6-8 

H 

x 

Headlights, inspection of lighting equipment, 
8-4 to 8-7 

using a headlight tester for .checking head- 
lights, 8-6 to 8-7 s 

using a screen for aiming headlights, 8-4 
to 8-6 

Heat, light, and ventilation, maintenance 
brancji, 4-3 

Heavy equipment repair supervisors, 4-6 to 4-7 
Horsepower and horsepower ratings, engine 
overhaul/5- 1 to 5-5 
brake horsepower, 5-3 
conversion to ipetric, 5-2 to 5-3 
drawbar and belt horsepower, 54 to 5-5 
friction horsepower, 54 
indicated horsepower, 5-1 
Hydraulic, brake systems, 8-10 to 8\l6 
Hydraulic torque converter, 9-33 to \-35 
\ 

r 

Ignition^sykems, 6-18 to 6-21 

capacitor discharge ignition system, 6-19 
Chrysler electronic* lean burn system/ 
electronic spark control, 6-20 



Ignition systems— Continued 

electronic ignition system (Chrylser), 6-19 

to 6-20 , 
.transistor ignition system,, 6-18 to 6-19 
breaker-point type, 6-18 
^magnetic-pulse type, 6-19 
unit ignition system* (Delco-Remy),'6-21 
Ignition systems, troubleshooting, 6-22 to 6-26 
conventional/coil ignition system, 6-2i 
to 6-24 

electronic ignition systejn, 6-25 to 6-26 
transistor ignition system, 6-24 to 6-25 
Indicated horsepower, 5-1 
Injector, General Motors fuel systems, 7-21 
Inspections, 8-2 to 8-23 

brake systems, 8-9 to 8-20 
air, 8-11, 8-16, 8-18 
air-over-hydraulic, 8-16, 8-18 to 8-19 
emergency, 8-19 to 8-20 
hydraulic, 8-10 to 8-16 
vacuum-assisted hydraulicTbrakes . 
(power), 8-11, 8-17 
% vacuum-over-hydraulic, 8-19 
^deadline equipment, 8-23 
exhaust systems, 8^20 to 8-21 fc , 
fifth wheel and trailer, 8-22 
instruments, controls, and warping devices, 

8-2JTto 8-22 
lighting equipment, 8-2 to 8-9 
auxiliary lights, 8-8 to 8-9 
clearance lamps, 8-8 
• directional signals, 8-7 to 8-8 - 
, headlights, 84 to 8-7 / - 

I£C regulations, 8-2 to 84 
license plate lights, 8-7 
taillights and sfbp lamps, 8-7V 
preserved equipment, 8-22 - — ^ 
seat belts, 8-21 
steering systems, 8-20 
windshield wipers, glass, and defrost- 
\ ers, 8-21 ' N 
Inspector, vehicle, 8-1 to 8-2 
battalion shop, 8-2 
PW sWop, 8-1 
InsulatecVeircuit resistance test, 6-8 
Intermediate maintenance, 4-12 to 4-14 



Leadership, principles of, 2-3 to 24 
coordinate, 24 
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Leadership, principles of— Continued 

delegate, 2-^ * x 

< organize,. 2-3 
License plate lights, 8-7 
fighting equipment, inspection of, 8-2 to 8-9 

M 

Maintenance and repair foreman, 3-4 
Maintenance branch, setting up, 4-1 to 4-3 

heat, light, and ventilation, 4-3 

safety, 4-2 „ ^ 

tools and equipment, 4-1 to 4-2 
Maintenance, preventive,* 3-5 tp 3-6* 

safety inspections,"3-6 

service station, 3-5 

unscheduled maintenance service, 3-6 
Maintenance program, battalion, 4-12 to 4-16 , 
^Equipment 'Repair Order and continuation 
sheet, 4-16 * 
t intermediate maintenance, 4-12 to 4-14 
organizational maintenance, 4-12 
scheduling maintenance, 4-14 to 4-16 
Maintenance, repair, and overhaul cost con- 
trol, 3-7 

Maintenance supervisors, 4-3 fo 4-H 

automotive repair supervisors, 4-5 

cost cpntrol supervisors, 4-9 to 4-1 1 

heavy equipment repair supervisors, 4-6 
to 4-7 

repair parts, 4-11 

shop inspectors, 4-4 

support section supervisors, 4-8 to 4-9 

teohnical librarian, 4-11 ■ 
Material^\and equipment; site deployment of, 
2-7 to M ' 

handling fuels, 2-8 

handling gases, 2-7 

handling tires, 2-8 

stowage of materials, 2-7 

stowage of tools and equipment, 2-7 
Memorandums, official correspondence, 

1-22, 1-25 * 
Messages, official correspondence, 1-25 to 1-27 
Micrometers, engine problems, 5-17 to 5-21 

care, 5-21 

measuring hole diameter with an inside 

micrometer, 5-20 
reading a micrometer, 5-17 to 5-19 
w reading a vernier micrometer, 5-19 to 5-20 
types, 5-17 
Morale, development of, 2-5 



N 



Naval letters, standard, 1-22 to 1-24 
Network analysis, construction schedule 

drawings, 4-27 to 4-29 
Noises, engine, 5-12 to 5-13 

connecting rod noise, 5-12 

crankshaft knock, 5-13 

piston-pin knock, 5-12 
* piston-ring noisfc, 5-12 

piston slap, 5-12 i - 

valve and tappet noise, 5-12 / 



O 

■ Oil consumption, excessive, 5-11 
Oil pressure, low, 5-12 
On-the-job training, 1-29 to 1-33 
Open and shorted diodes, 6-11 
Organizational maintenance, -4-12 



performance curves, graphs and diagrams, 

engine overhaul, 5-5 
Piston-pin knock, 5-12 
Piston-ring noise, '5-12 
Piston slap, 5-12 

Pistons and rings, servicing, 5-32 to 5-35 

cleaning pistons, 5-33 

fitting pistons, 5-33 

fitting piston pins, 5-33 

fitting piston rings, j5-34 to 5-35 
Planning, hints on supervision, 2-5 'to 2-6* 
Power losses and failure, engine overhaul,' f 
5-9 to 5-11 

Power shift transmission, 9-35, 9-38 to 9-44 
Power trains and automatic transmissions, 9-1 
to 9-67 * t « 

automatic transmissions, 9-27 to 9-67 
. Allison torqm^tic transmission (series 
4460), 9-M to 9-67 N 
hydraulic torque converter, 9-33 to 
9-35 . 

power shift transmission, 9-35, 9-38 
to 9-44 , 

turbo Hydra-matic 400, 9-28 to 9-33 ■ 
clutches, 9-1 to 9-5 

troubleshooting, 9-3 to 9-5 
power takeoffs, 9-19 
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Po.wer trains and automatic transmissions— 
Continued", 

propeller shaft assemblies^ 9-19 to 9-26 
axles; wheels, and tracks, 9-24 to 9-26 
differentials, 9-19 to 9-23 
differential troubleshooting, 9-23 
to 9-24 

service and maintenance, 9-26 to 9-27 

transfer cases, 9-17 to 9-il9 

transmission, 9-5 to 9-17! 
auxiliary, 9-11 to 9-13 
constant-mesh, 9-8 * 
four-speed truck, 9-5 to 9-8 
synchromesh, 9-8 to 9-11 
troubleshooting, 9-13 to 9-17 
PRCP, Personnel Readiness Capability Pro- * 

fram, 1-1 to 1-8 
interviews, 1-4 i 
skill inventory, 1-1 to 1-3 
steps for interviewing, 1-6 to 1-8 
using the Standards and Guides for indivi- 
dual rating skill's, 1-4 to 1-6 
Precedence diagram construction schedule 

drawings, 4-30 to 4-32 s 
Preserved equipment, inspection of, ,8-22 
Preduction control supervisor, 3-3 
Production, supervisory, 2-4 
PW shop inspector, 8-1 

PW transportation shops supervisor, 3-1 to 3-12 
cost control, 3-6 to 3-8 
cost justification, 3-8 
depth of maintenance, repair, and 

overhaul, 3-7 
records and reports, 3-7 
deparftnent organization, 3-1 
duties and responsibilities of supervisory 
personnel, 3-2 to 3-5 
construction and specialized equip- 
ment shop foreman, 3^5 
"maintenance and repair foreman, 3-4 
manager of the equipment mainten- 
ance branch, 5-3 
production control supervisor, 3-3 
transportation division director, 3-2 
estimating prpcedures, 3-12 
equipment, 3-12 
, manpower, 3-12 
preventive maintenance, 3-5 to 3-6 
safety inspections, 3-6 
service station, 3-5 4 
unscheduled maintenance service, 3-6 



PW transportation sleeps supervisor— Contin- 
ued \ 

progress control and charting procedures, 

3-11 to 3-12 
storage, preservation, and depreservation 

of vehicles and equipment, 3-8 to 3-10 
techniques of scheduling, 3-10 to 3-11 



R 



i 



Records and reports, cost control, 3-7 
Rectifiers, 6-2 . 

Regulator ground circuit resistance test, 6-8 
Regulators, 6-2 to 6-4 
Repair parts, 4-16 to 4-20 

prepackaged library, 4-17 to 4-19 

procedures for requesting repair parts, 4-19 
Repair parts, maintenance supervisors, 4-1 1 
Respect, earning, supervisor, 2-1 
r Responsibilities, supervisory, 2-4 to 2-5 

development &f cooperation, 2-5 * 

development of morale, 2-5 

production, 2-4 

safety, health, and physical welfare of 
subordinates, 2-4 

training of subordinates, 2-5 
Rocker arms, servicing, 5-28 
Roosa Master fuel injection pump, 7-7 to 7-1 1 

cleaning and inspection, 7-11 

disassembly, 7-10 

reassembly, 7-11 

removal, 7-10 

troubleshooting, 7-7 to 7-10 ■ 



Safeguards and safety education, accident pre- 
vention, 1-9 ^ 
Safety inspections, accident prevention, 1-10 
Safety inspections, preventive maintenance, 3-6 
Safety, maintenance branch, 4-2 
Scheduling maintenance, 4-14 to 4-16 
Scheduling, techniques of, 3-10 to 3-11 
Seat belts, inspefction of, 8-21 
Service and maintenance, power trains, 9-26 - 
to 9-27 

Service station maintenance, 3-5 



( 
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Servicing the crankshaft and cylinders, 5-29 
to'5-32 s c . 

checking bearing fit, 5-30 

checking crankshaft end play, 5-31 
. checking crankshaft journals and 
bearings, 5-30 

checking cylinder. walls, 5-31 

cylinder service, 5-31 4 

refinishing cylinders, 5-32 

removing bearing caps, 5-30 
Servicing valves, valve mechanisms, and cylinder 

heads, 5-21 to 5-29 > 
* checking the camshaft, 5-2§ 

grinding valves, 5-23 / 
, grinding valve seats, 5-25 to 5-27 

replacing camshaft bearings, 5-29 

replacing valve seat inserts, 5-27 

servicing rocker arnhs, 5-28 

servicing valve guides, 5-Z4 to 5-25 

servicing valve lifters, 5-2$ 

testing valve springs, 5-28 * 

timing the valves, 5-29 

valve adjustments, 5-21 to 5-23 

valve .removal, 5-23 

yalve troubles, 5-21 * 
Shaft assemblies, propeller, 9-19 to 9-26 

axles, wheels, and tracks, 9 r 24 to 9-26 

differentials, 9-19 to 9-23 

differential troubleshooting, 9-23 to 9-24 
Shop inspectors, 4-4 

Shorted findings, engine analyzer screen, 6-12 
Sleeve metering system, Caterpillar, 7-5 to 7-7 
components, 7-5 / 
governor, 7-6 to 7-7 
operation, 7-5 to 7-6 
y troubleshooting and adjustments, 7-7 > 
Solenoid switch circuit resistance test, 6-17 ' 
to 6-18 

Speedletters, official correspondence, 1-25 
Starter ground circuit resistance test, 6-16 
Starter insulated circuit resistance test (cables 

and switches), 6-14 to 6-16 
Starring motor current draw test, 6-14 v 
Steering systems, inspection of, 8-20 - 
Storage,*preservation, and depreservatiofc -of • 

vehicles and equipment, 3-8 to 3-10 
Superchargers, air induction sys^m, 7-28 to 7-29 
Supervision, 2-1 to 2-9 

air pollution control, 2-8 
fuel combustion, 2-8 
sprays and gases, 2-8 + 



Supervision— Continued _ > • * 

daity i^ork assignments, *2-6 
* fuel spillage, 2-9 

bulk fuel spills, 2-9 
m field repair spills, 2-9 :" 

station fuel spills,/2-9. 
hints on pfenning, '2-5 to 2.-6 f f 
principles of leadership, 2-3 to 2-4 
* coordinate, 2-4 

delegate, 2-4 : , 
Organize, 2-3 
site deployment of materials and equip-' 
ment, 2-7 tdN2-8 
, handling fu^ls, 2-8 
handling gases, 2-7 
handling tires, 2-8 »*\ 
stowage of materials, 2-7 
stowage of tools and equipment, 2-7 
supervisor, the, 2-1 to 2-3 * 
common mistakes, 2-1 ' 
earning respect, 2-1 * 
fine line, the, 1-2 fc 
* supervisory duties and responsibilities, 
2-2 to 2-3 

. supervisory responsibilities, 2-4 to 2-5 
development of cooperation, 2-5 
development of-morale, 2-5 
production, 2-4 

safety, health, and physical welfare of 

subordinates, 2-4 
training of subordinates, 2-5 
Supervisory personnel, duties and responsibili- 
ties, 3-^tQ 3-5 
construction and specialized equipment 

shop foreman, 3-5 
maintenance and repair foreman, 3-4 \ 
manager of the equipment maintenance 

branch, 3-3 
production control supervisor, 3-3 
transportation division director, 3-2 
Support section supervisors, 4-8 to 4-9 
Synchromesh transmission, 9-8 to 9-11 



Tachometer, 5-16 

Takeoffs, power, power trains, 9-19 
Taillights and stop lamps, inspection of lighting 
equipment, 8-7 
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Technical librajrian, maiiltenance super- 

*flsbrs, 4-11 
testing, engine probfems, 5-13 to 5-17* . 

compression test, 5-13 

cylinder leakage test, 5-15 . - . * > 
"gage care and maintenance, 5-17 

tachometer, 5-16 

vacuum test, 5-14 
Timing diagrams, 5-6 to 5-9 

four-stroke cycle engine timing, 5-6 to 5-7 

multiple cylinder engines, 5-8 to 5-9 

two-stroke cycle engine timing, 5-7 to 5-8 
tctols and equipment, maintenance branch. 4-1 

to 4-2 \ ' 
Training and development of Subordinate's, 
. 1-27 to 1-33 

on-thfe-job training, 1-29 to 1-33 . 

training needs, 1 -29 

training organization, 1-27 to 1-28 
Training of subordinates, 2-5 
Transfer fases, power trains, 9-17 to 9-19 
Transistor ignition system, 6-18 tif 6-19 

breaker-point 'type, 6-18 

magrtetic-puj£e type, 6-19 
Transistor ignitipn system, troubleshooting, 

6-24 to 6-25 
Transmission, 9-5 to 9-17 

auxiliary, 9-11 to 9-13 

constant-mesh, 9-8 v 

four-speed truck, 9-5 to 9-8 

synchromesh, 9-8 to 9-11 > 

troubleshooting, 9-13 to 9-17 
Transportation division director, .3-2 
Turbo Hydra-matic 400, 9-28 to 9-33 

hydraulic operation, 9-32 ^ 
''planetary gears, 9-28 

torque converter operation, 9-29 to 9-32 

troubleshooting, 9-33 
Turbochargers, air inductj^ij^ystem, 7-29 
to 7-32 

U 

Unit ignition system (Delco-Remy)* 6-^1 
Unscheduled maintenance service, 3-6 



Vacuum-assisted hydraulic brakes (power), 
8-11,8-1) 

Vacuum-over-hydraulic, brake systems, 8-19 



Vacuum.test, 5-14 
Valve*, 5-12, 5-21 to 5-29 

adjustments, 5-21 to 5-23 * * • ' 
hydrauljjcally operated valves, 5-23 
overhead valves, 5-22 
valves in block, 5-22 
grinding, 5-23 

guides, servicing, 5-24 to 5-25 
lifters, servicing, 5-28 
noise, valve and tappet, 5-12 
ren\oval, 5-23 " . ' 

* seat inserts, replacing, 5-27 
seats,, grinding, 5-25 to 5-27 
^ r springs, testing, S-28 ' 

-timing, 5-29 * , 

'-troubles, 5-21 
Vehicle inspections, ,8-1 to 8-23 
"BEEP" inspectipns, 8-23 
embarkation inspections, 8-22 - 
-inspection of brake systems, 8-9 to 8-20 
air, 8-11, 8-16, 8-18 
air-over-hydraulic, 8-16, 8-18 to 8-19 
emergency, 8-19 to 8-20 
hydraulic, 8-10 to 8-16 * 
vacuum-assisted hydraulic brakes 

'(power),, 8-11, 8-17' 
vacuum-over-hydraulic, 8-19 
inspection of deadline equipment, 8-23 
inspection of exhaust systems, 8-20 to. 8-21 
. inspection of fifth wheel and trailer, 8-22 
inspection of instruments, controls, and 

warning devices,- 8-21 to 8-22 
inspection of lighting equipment, 8-2 to 8«;9 
a&xiliary lights, 8-8 to 8-9 
clearance lamps, 8-8 
directional signals, 8-7 to 8-8 
- headlights, 8-4 to 8-7' j 

ICC regulations, 8-2 to 8-4 ' 
license plate lights, 8-7 
taillights and stop lamps, 8-7 
inspection of preserved equipment/8-22 * 
inspection of seat belts, 8-21 
inspection of steering systems^ 8-20 
inspection of windshield wipers, glass, 

and defrosters, 8-21 
inspector, 8-1 to 8-2 

battalion shop inspector, 8-2 
f * PW shop inspector, 8-1 
% yolt-ampene tester, troubleshooting the 
charging system, 6-4 to 6-10 
alternator test, 6-5 



INDEX 



Volt-ampere tester, troubleshooting the 
\ charging system— Continued 

'battery drain test;^-8 

charging system circuit "resistance test, 6-7 

charging system ground circuit resistance 
•/ \est, 6-8 1 ' 

^charging system insulated circuit resistance 
test, $-8, , ' 

excessive output test, 6<J 



Volt-ampere tester, troubleshooting the 
charging system— Continued 
generator test, 6-6 

regulator ground circuit resistance test, 
W 

Weak diodes, 6-11 

Windshield wipers, glass, and defroster, 

inspection of, 8-21 
Work assignments, daily, supervision, 2-6 
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NAVEDTRA 10645-F 



Prepared by the. Naval Education and Training Procjram Development 
Center, Pensacola, Florida 



Your NRCC contains a set of assignments and 
perforated answer sheets? The Rate Training Man- 
ual , Construction Mechanic, l&C ~^ 
NAVEDTRA 10645-F , is your textbook for the 
NRCC. If an errata sheet comes with the NRCC, 
make all indicated changes or corrections. Do not 
change or correct the- textbook or assignments in 
any other way. 



HOW TO COMPLETE THIS COURSE 
SUCCESSFULLY . ' 

Study the textbook pages given at the begin- 
ning of each assignment before trying to answer 
the items. Pay attention tp tables and illustra- 
tions as they contain a lot of information. 
Making your own drawings c#n help you understand 
the subject matter. Also, read the learning ob- 
jectives that precede the sets of items. The 
learning objectives and itemsare based on the 
subject matter or sjudy material in the textbook. 
The objectives tell you what you should be able 
to do by studying assigned textual material and 
answering the items/ 

hi this point you should be ready to answer 
the Items in the assignment. Read each item care- 
fully. Select the BEST ^NSWEfTfor each item, 
consulting your textbook when necessary. Be sure 
to select the BEST ANSWER from the subject matter 
in the textbook. You may discuss difficult points 
in the course with others. However, the Answer 
you select must be your own. Remove a perforated 
answer sheet from the' back of this text, write 
in the proper assignment number, and enter your 
-answer for each item. 

Your NRCC will be administered by your com- 
mand or, in the case of small commands, 'by the , 
Naval Education and Training Program Development 
Center. No matter who administers your course 
you can complete it successfully by earning a 3.2 
for each assignment. The unit breakdown of the , 
course, if any, is shown later under Naval 
Reserve Retirement Credit. 



when your course is administered 
by local Command 

As soon as you have finished an assignment, 
submit the completed answer sheet to the officer 



designated to grade it. The graded answer sheet 
*w.iTT not be returned to you. 

If you are completing this NRCC to become 
eligible to t;ake the fleetwide advancement exam- 
ination/follow a schedule that will enable you 
to complete all assignments in time. Your, sched- 
ule should call for .the completion of at least 
one £ssig/iment per month. 

Although' you complete the course success- 
fully v the Naval Education and Training Program 
Development Center will not issue you a letter 
of satisfactory completion* Your command will 
make an entry in your service record, giving you 
credit for your work. 



WHEN YOUR COURSE IS ADMINISTERED 
%Y THE NAVAL EDUCATION 
AND TRAINING PROGRAM 
DEVELOPMENT CENTER 



After finishing an assignment, go on to the 
next. Retain each completed answer sheet until 
you finish all the assignments in a unit (or 1n 
the course 1f it 1s not divided Into units). 
Using the envelopes provided, mall your com- 
pleted answer sheets to theNaval Education and 
Training Program Development Center where they 
will be graded and the score recorded. Make sure 
all blanks at the top of each answer sheet are 
filled 1n. Unless you furnish all the Informa- 
tion required,, 1t will be impossible to give you 
credit for your work. The graded answer sheets 
will not be returned. 

The Naval Education and Training Program 
Development Center will Issue a Tetter of satis- 
factory completion to certify successful comple- 
tion of th'e course (ofa creditable unit of the 
ccmrSe). To receive a course-completion le£t£r, 
follow the directions given on the course-com- 
pletion form 1n the back of this *NRCC. 

You^ay keep the textbook and assignments 
for this course. Return them only 1n the ev/ent 
you disenroll from the course or-otherw1se fail 
to complete the course. Directions for returning 
the textbook and assignments are given on the 
book-return form 1n the back of this NRCC. 
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PREPARING FOR YOUR ADVANCEMENT 
EXAMINATION 

Your examination far advancement is based 
on the Occupational Standards for your rating as 
found in the MANUAL OF NAVY ENLISTED MANPOWER 
AND PERSONNEL CLASSIFICATIONS ANP'OC CUP ATTuML 
STANDARDS (NAVPERS 18068). These Occupational „ 
Standards define the minimum tasks required of 
your rating. The sources of questions in your 
advancement examination are listed in the BIBLI- 
OGRAPHY FOR ADVANCEMENT STUDY (NAVEDTRA 10052TT 
For your convenience, the Occupational Standards 
and thq sources of questions for your rating are 
combined in a single pamphlet for the series of 
examinations for each year. These OCCUPATIONAL 
STANDARDS AND BIBLIOGRAPHY SHEETS (called Bib 
Sheets), ar$ available from your ESO. Since your 
textbook and NRCC are among the sources listed 
in the bibliography, be sure to study both as 
you take the course. The qualifications for your 
rating may have changed since your course and 
textbook were printed, so refer to the latest 
edition of the Bib Sheets. 



COURSE OBJECTIVE 

•In completing this NRCC, you will 
demonstrate a knowledge of the subject 
matter by correctly answering items on 
the f o llowing : admin is t rat ion ; super- 
vis ion ; PW transport a tion shops super- 
vision; battalion equipment company 
shops supervision ; enqine overhaul; 
electrical systems and equipment; 
difesel fuel systems; vehicle inspec- 
tions; and power trains and automatic 
transmissions . 

) 



NAVAL RESERVE RETIREMENT CREDIT 

This course is evaluated at 12 
Naval Reserve retirement points. These 
points are creditable tN^ personnel 
eligible to receive them under current 
directives governing retirement of 
Naval Reserve % peronnnel . 



;dit<(tatenno t be given again for 
irse^f the student has pre- 



Credil 
this coui 

viously received credit for completing 
another Construction Mechanic HC NRCC 
or ETCC. 



While working on this correspondence 
course, you may refer freely to the text. 

-'You may seek advice and instruction from ' 
others on problems arising in the course, 

.but the solutions submitted must be the 
result of your own work and decisions. 
You are proMbited from referring to or 
copying the^Tolutlons of others, or giving 
completed solutions to anyone else taking 
the same course. 
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Naval courses may include a variety of questions multiple-choice, true-false, matching, etc. 
The questions are not grouped by type, regardless of tyfje, they are presented in the same general 
sequence as the textbook material upon which they aire based. This presentation is designed to pre- 
serve continuity of thought, permitting step-by-step development of ideas. Some courses use many 
types of questions, others only a few. The^ student can readily identify the type of each question 
(and the action required) through inspection of the samples given below. 

MULTIPLE-CHOICE QUESTIONS , 

Each question contains several alternative^, one of which provides the best answer to the 
question. Select the best alternative, and blacken .the appropriate box an the answer sheet. 



SAMPLE 



J t s-1. The first person to be appointed Secretary 

of Defense under the National Security Act 

of 1947 ,was 

1. George Marshall 

2 James Forrestal 

3. Chester Nimitz 

4. Wil 1 iam Halsey 



Indicate in this way on the answer sheet: 




TRUE-FALSE QUESTIONS 



Mark each statement true or fals£ as indicated below. If any part of the statement is false 
the statement is to be considered false. Make, the decision, ami Wacken the appropriate box on the 
answer sheet. 



SAMPLE 



s-2. Any naval officer is authorized to corres- 
pond officially with any systems command 
of the Department of the N^vy without his 
commanding officer's endorsement. 



Indicate in this y*ay on the answer sheet: 




MATCHING QUESTIONS 



Him Q 
lumns, 



Each set of questiens consists of two columns, each listing words, phrases or sentences. The 
task is "to select the item in column B which is, the best match .for the item in column A that is 
bfeing considered. Items in column B may be used once, more than once, or not at all. Specific 
instructions are given with each set of questions. Select the numbers identifying Jhe answecs and 
blacken the appropriate boxes on the answer sheet. 



SAMPLE 



In questions s-3 through s-6, match the name of the shipboard officer in column A by selecting 
from column B the name of the department in which the officer functions. 



Indicate in this way on the answer sheet: 



s-3. Damage Co r ntr^l Assistant 1. Operations Department 

2. Engineering Department 



s-4. C1C Officer 
s-5. Disbursing Officer 
s-6. Communications Officer 



si 



3. Supply Department 



s-3 
s-4 
s-5 
s-6 



- 1 


2 
F 

■ 


3 

□ 


4 

□ 


■ 


□ 


□ 


□ 


□ 


□ 


■ 


□ 


■ 


□ 


□ 


□ 
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Assignment 1 



Admiriijstration 

.Textbook Assignment: Pages 1-1 through 1-36 



In this bourse you will demonstrate that learning has taken place by correctly answering train- 
ing items. The mere physical act of indicating a choice on an answer sheet is not in itself impor- 
tant; it is the mental achievement, in whatever form it may take, prior to the physical act that is 
important and toward which correspondence course learning objectives are directed. The selection 
of thg. correct choice for a correspondence course training item indicates that you have fulfilled, 
at least- in part, the" stated objective (s). 

- r-The accomplishment of certain objectives, for example, a physical act such as drafting a memo, 
cannot readily be determined by means of objective type correspondence course items; however, you 
can demonstrate by means of answers to training items that you have acquired the requisite knowledge 
to perform the physical act. The accomplishment of certain other learning objectives, for example, 
the mental acts of comparing, recognizing, evaluating, choosing, selecting, etc., may be readily 
demonstrated in a correspondence course by indicating the correct answers to training items. 

The comprehensive objective for this course has already been given. It states the purpose of 
the course in terms of what you will be able to do as you complete the course. 

The detailed objectives in each assignment state what you should accomplish as you progress 
through the course. They may appear singly or in clusters of closely related objectives, as 
appropriate; they are followed by items which will enable you to indicate your accomplishment. 

, All objectives in this course are learning objectives and items are teaching items. They point 
out important things, they assist in learning, and they should enable you to do a bet.ter jot for 
"the Navy. 

This self-study course is only one. part of the total Navy training program; by its very nature 
it can take you only part of the way to a training goaT. Practical experience, schools, selected 
heading, .and the desire to accomplish are also necessary to round out a fully meaningful training 
program,. 



Learning Objective: £escr.ibe tech- 
niques of conducting PRCP inter- t 
views and using data in assigning 
personnel . 



0 Use the following alternatives in answer- 
ing items 1-2 through 1-6. 

1. Individual General Skills , * 

2. Individual Rating Skills 

3. Military Skills 

4. *Crew Experience (Skills) 



1-1. The purpose of the Personnel Readiness^ 
Capability Program is to provide accurate 
up-to-date personnel information that will 
enable the NCF to 

1 . schedule day-to-day work assignments 
for individual crewmemHers 

2. <\ combine the information relevant to 

the planning and scheduling of project 
functions' into a single master plan t 

3. increase its capabilities to- plan, make 
decisions, and control 



1-2- Skills related to two or more ratings 

which are primarily nonmanipulative are 
classified as , 

1-3. Skills^you acquired as a result of work- 
ing with others on a particular project 
are normally classified as 

1-4. Skills you acquired as a result of train- 
ing for combat are broadly classified as 

1-5. Nontechnical skills you acquired by par- 
ticipating in a cross-rate training 
"program are generally classified as 



#5 
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1-6. Technical skills specif ically related 
to one of the Construction ratings are 
classified as 

1-7. what management tool should you use in 
^collecting crewmember skill data? 

1. Volume I, PROP Skill Definitions 

2. PRCP Standards and Guides 

3. Matrix Numbers 1 and 2 

4. Section II, Manual of Navy Enlisted 
Manpower and Personnel Classifications 
and Occupational Standards 

1-8. If you collect any information through 
observation or an interview concerning 
an individual's skills, you must send 
it to FACSO, Port Hueneme on a/an 

1. IBM card 

2. PRCP Skill Update Record 

3 . 3 by 5 card 

4 . message form 

1-9. The Individual Rating Skill Interview and 
Other Interviews are types of interviews 
conducted by the PPCP interviewer. 

1-10. Before conducting an individual rating 
skill interview, what must your do? 

1 . Review the appropriate section of the 
Occupational Standards Manual 

2. Prepare* an interviewee's service record 

3. Prepare an interviewee's checkoff sheet 

4 . Learn as much as you can about the 
skills and tasks explained in the 

• ( interviewing guides 

1-11. When introducing the skill material to an 
interviewee, you start by reading the" 
skill definition. 

f In answering rbams 1-12 through 1-14, 

assume you are^ a PRCP interviewer and are 
interviewing personnel for particular skil^ 
levels. Each item is to be judged true or false. 
\ , 

1-12. You should explain the purpose of the 
interview to each interviewee. 

1-13. You should explain that your interviewees 

should not be embarrassed if they do not * 
know everything expected of them about a 

specific skill level. 

, a. 

1-14. You should first read the task element, 
then the action statement to ^gach inter- 



l-l e . 



1-1-6. 



1-17. 



1-1* 



1-19. 



1-20. 



Who decides whether a person does or does 
not have a ski 1 1 ? 

1. PRCP coordinator 

2. PRCP interviewer 

3. Training officer 



Learning 0b}ective\ 
ciples of Vlministrating/a safety 
program. * v-^ 



Describe pnn- 



In establishing a safety organization, 
each unit of the NCF must develop an 
accident prevention program and enforce 
safe working practices. 

When does a safety officer formulate 
safety doctrine and policy for the bat- 
talion? 

1. VAfter conducting on-the-job analyses 

2. \fter consulting with project super- 
visors 

3. Both 1 and 2 above 

In addition to assigning/C*rewmembers to 
equipment operation, project supervisors 
are also responsible for the crew's 
safety, health, and physical welfare. 

Working your t _ plan 'for controlling the 
hazards of a lob will help you attain 
which of the following goals? 

1. Upgrade production 

2. Prevent accidents 

3. Instill resp'ect 

4 . Each of the above 

To help prevent accidents, you can 
review the previous accident experience 
in the shop, select the right methods 
and right personnel for the job, and make 
specific w6rk assignments. 



1-21. Hqw often should yo^ hold a standup 
safety meeting a^the shop? 

Weekly 

2. Biweekly 

3. Monthly 

4. Whenever an accident has been reported 

1-22. Which of the following results should be 
obtained from a group discussion per- 
taining to an accident which happened on 
the job and resulted in an injury? 

1. Kind of injury sustained 

2. ways of preventing the accident 

3. Cause of the injury 

4. All of the above / 



1-23. Regularly scheduled standup safety 1-30. 
meetings must be kept interesting. You 
can help keep them from becoming dull by 
taking which of the following actions? 

1. Letting your crew air their gripes at 
the meetings 
. 2. Exceeding the time 1 units you set for 
the meetings 

3. Having the same crewmember conduct all 1-31. 
meetings 

4 . Showing good motion pictures and other - 
visual aids on suitable subject matter 

1-24. What information is included in the 

periodic safety report that you submit 

to the safety chief? ✓ 



What block contains information pertaining 
to the circumstances and events that 
caused the accident? 

1.11 

2. 20 

3. 23 

4. 32 

Slight vehicle damage noted at prestart 
inspection is reported on which form? 
V 

1. Standard Form 91A 

2 . Standard Form 91 « 

3. OPNAV Form 5102/3 

4. Operator's Inspection Guide and 
Trouble Report, NAVFAC 9-11240/13 



1. Time spent a^ safety meetings 

2. Attendance figures 

3. Subject matter covered 
4 Each of the above 

1-25. In case of an accident to one of your 
crewmember s, you must answer the ques- 
tions listed on OPNAV Form $102/1. 

1-26- What is the most important part of the 

' OPNAV Form 5102/1, Accident Iniurv/Death 
' report? 

1. Block #23, Job Disposition After 
Injury 

2. Block #24, Number of Lost Work Days 

3. Block #33, Corrective Action Taken/ 
Re commended 



1-32. Accidents involving cranes and related 
equipment are handled routinely by the 
company safety petty officer. 

1-33. When you are completing an injury/ 

accident form, what would constitute 
an "unsafe act"? 

H 

1. "Unguarded equipment 

2. Operating ^equipment witnout authority 

3. Absentmindedness or mattentiveness 

4. Hazardous arrangement 

; 1 

Learning Objective: Describe and 
prepare official Navy letters, 
messages, instructions/ and prepase 
notices for use by subordinates. 



1-27. VThe most important reason for any 

^cident investigation is prevention 
olS a similar accident by "correcting the 
ca,use. 



1-34. The copy of a standard naval letter 
prepared by 'CHARLIE or DELTA Company 
for the CO's signature is normally a 



In" answering items 1-28 through 1-30, 
refer to figures 1^5 v through 1-8 of 
your textbook . 



1. smooth copy 

2. rough copy 

3. perfect copy 



1-28. What -block describes job disposition 
after the accidental injury? 



1-35. Who is responsible for tfte„ finished 
correspondence prepared by you? 



1. 11 

2.. 20 

3. 23 

4. 32 



1. Drafting officer 

2. Department head 

3. Duty officer 

4. You 



1-29. What block describes the employment 
status of the injured person? 



1. 11 

2. 20 

3. 23 

4. 32 



1-36. In correspondence requiring a classi- 
fication, where is it shown? 

1. Left-haid margin 

2. Right-hand margin 

3. Top of page only 

4. Top and bottom of page 



1-37. 



1-38. 



1-39. 



1-40. 



When /prepar mg a naval letter, you are 1-44. 
NOT allowed to cover two or more 
subjects even though they are closely 
related. 

Which paragraph, if any, of a 3-paragraph 
naval letter should state the purpose of , * 
the letter? 

1. First 

2 ■ ^Second 

3. Third 

' 4. None s 

When answering another letter, you should 1-45. 
refer to it in the last paragraph of your 
letter. ; 

7 

As a writer of official correspondence*, f 
which of the folloymg guic&'l^jf^s must 
you follow? ^""rf-S* 



1. Maintain continuity when passing from 
,one unit to another 

2. Arrange your units in satisfactory 
order 

3. Complete each unit befor"e moving to 
the. next r 

4. Each of the above 



1-46. 



When a memorandum is typed on a plain 
sheet of bond paper, the word "memorandum M 
must appear on the sheet. This word is 
typed in which way? - 

1. In capital letters at the right margin 
above the "From" line 

2. In capital letters at the left margin 
above the "From" line ^ 

3. In lowercase letters, two spaces pe low 
the "Subject" line 

4. " In lowercase letters between the 

"From" and *J£q" lines 

What is the chief purpose of the format 
of a speedletter? 

1. To help disseminate information 
within the Navy Directives Issuance 
System 

2. w * To enable urgent correspondence to 

be transmitted by electrical means 

3. To point out the necessity ^or 
priority handling 

4. To make possible the transmission of 
classified documents 

A speedletter may be handwritten instead 
of typed when 



•1-41. Which of the following is a -poor practice 
in preparing a naval letter? * 

^Repeating yourself 
Using introductory phrases 
* J 3'. Deleting intensive words 
4. Cutting down on the use of big words 

In answering items 1-42 and 1-43, refer 
^ to .textbook figure 1-15. ^ 



f-42. Which of the fol lowing 'lines of the v 
standard naval letter may NOT be required 
in all correspondence being prepared?, 1-48. 



1. "To" 

2 . " From" 

3. "Subject" 

4. "Identification Symbol" 



1-49. 



1. identifying blocks are used in it 

2. enclosures are listed in it 
time is critical 

4. it is classified 



1-47. Who authorizes the transmission of a 
message? 



1. 
2. 
3. 
4. 



The drafter 

The originator 

The releasing officer 

Each of the above 



nus^be 



Messages that mus^be delivered promptly 
should be brief, concise, and contain a 
message heading and a message text. 

What format correctly expresses a date/ 
time group in a naval message? 



1-43. In a standard naval letter, which of the 

4 / 

following abbreviations is NOT used? 




r 

1-50. 



1. 07 DEC 81 @ 1330 

2. 07 DEC 81; 1:30 P.M. 

3. O71330Z DEC 81 

4. DEC 071330Z 81 

At most, how many spaces and characters 
are there per line of text in a naval 
message? 



1, 
2. 
3. 
4. 



49 
57 
69> 
98 
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1-51. Of the following symbols! or punctuation 
marks, which is NOT usecf in a naval 
message? 

1. * 

2. ? 

3. & 

4. / 



1-57. 



Before setting up an on-the-job teaming 
program, you should* / 

1. work up a set of lesson planq 

2. select the type of training to be used 

3. analyze the problem to determine the 
type of training required 

4. rely on your experience to determine 
the training objectives 



1-52. 



1-53. 



1-54. 



1-55. 



1-56. 



•Learning Objective: 'Show the pro- 
cedure of implementing training 
for team crewmembers. 



The priorities, patterns, and tempo of 
a battalion training program are usually 
established by the 

1. Commanding Officer 

2. Naval Education and Training Command 

3. Chief of Naval Operations 

4. ' COMCBPAC/COMCBLANT staff 

Individual training administered to 
support personnel is the responsibility 
of the 



platoon leafier 
training officer 

battalion service department head 
.individual 



Training conducted m an Amphibious 
Construction Battalion is exactly the 
same as that conducted in a Mobile 
Construction Battalion. 

The battalion training plan and organiza- 
tion must NOT interfere with construction 
schedules as set forth by the deployment 
operation order. ■ 



Learning Objective: Descnbe^tfie~~ 
development of the on-the-job 
training program and daily work 
assignments. 



1-58. 



1-59. 



1-60. 



1-61. 



1-62. 



1-63. 



The primary purpose of on-the-job train- 
ing in a SEABEE organization is to 

1. indoctrinate new personnel on a job 

2. develop supervisors in management 
skills 

3. help individuals acquire the necessary 
knowledge, skills, and habits to do a 
specific job 

4. instill each person with interest and 
enthuriasm for the work to be done 



In determining the need for training, 
consider the specific job requirements 
and the individual skills of the trainee. 

After an on-the-job training program N h*crs y/i 
been implemented, how should followup on 
the program be maintained? 

1. By keeping training records current 

2. By insuring that the program does 
not lag ( 

3. By insuring that newly developed 
skills are properly utilize^ 

4. All^of the above 

When properly used, a most effective 
method for training workers on the job is 



1 . s self-study 

2. boach-pupil instruction « 

3. group instruction i 

4. academic-type instruction 

In on-the-job training, , the term group 
instruction means the same as classroom 
or academic-type instruction. 



Of the following examples 
describes piecemeal instru 



r> 



, which 
uction? | 

hat, when, wher£, 



Letting others know what, 
and perhaps, how and why 
Explaining regulations, procedures, 
and orders 

Holding special meetings 
Each of the above 



Interviews between the trainee and the 
trainer in a developmental on-the-job 
training program do NOT help to do which 
of the following? 

1. Disclose the training needs of the 
trainee 

2. Formulate the overall training*— 
objectives 

3. Assess the progress of tyte trainee 

4. Resolve the trainee* s questions 
concerning safety and skill techniques 
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Taking wniwh of the following steps may 
n i: you to i>lan and carry out a success- 
ful tni'ivj i ruuram? 

i. Liinq correct metnods to insure 
learning 

J. Measuring achievement at" regular 
intervals 

3. Recording results 

4 . All of the above 

The essential part of a performance check 
is a typical work situation in which the 
trainee's work can be examined and evalu- 
ated. 



Learning Objective: Point out 
principles in the use»of the 
Fa Vj.it i^is ^Planning Guide. 



1-70. To find a facility that requires enlisted 
personnel quarters, under which of the 
following category codes should you look? 

1. 300 - Research, Development and 
Evaluation 

2. 700 - Housing and Community Support 

3. 900 - Real Estate 

1-71. Assemblies are grouped by numbers that 
relate to the Occupational Field 13 
skill 'required to install them. 

1-72. How can components or facilities be 
tailored? * f 

1. By specifying requirements for 
tropical or northern temperate zones 

2. By deleting or adding facilities or 
assemblies 

3. Both 1 and 2 above 



Included atoong the contents of NAVFAC 
P-4 37, Volume I, are which of the 
following factors? * S 



1-73. 



1 . 



Amounts of fuel required to operate 

components * 

Sizes of crews it takes to operate 

^facilities 

Drawings of facilities and assemblies 
Acres of land a facility occupies 



Vol um»> II of NAVFAC P-4 37 is a^ource of 
information for planning an advanced- 
base component, facility, or assembly. 

NAV r AC lists by national stock 

'tumber the material requirements for 

*'huh if the following units? 

1 . Pa< 11 lty 

J. Assembly • 

3 . ^Component 

4. Each of the above 

make the P-4 37 compatible with other 
I^D j lanninq quides, which related- 
pu^iication establishes category cocf^s? 

I. T-ihU of APGC'S (OPNAV-41P3) 

^ . NAVFAC P-72 

3. NAVFAC P-405 

4. NAVFAC P-315 



1-74. 



1-75. 



In the ABFC system, which codex ^ dent if les 
assemblies required for use in norhtern 
temperate zones? * v 

1. C 

2. NT 

3. N 
4 . T 

How do you obtain fixtures that are not 
furnished with a facility or an assembly 
listed in NAVFAC P-437? 

1. By picking them up at a supply depot 

2 . By ordering them separately 

3. By purchasing them on the open market 

Refer to textbook figure 1-19. Approxi- 
mately how many man-hours should it take 
to construct a small helicopter landing 
fad? 

1- 150 
244 

3. 500 S 
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Assignment £ 



Supervision and PW Transportation Shops Supervisor 

Textbook Assignment: Pages 2-1 through 2-9 and 3-1 through ^LslO 



2-1. 



t 2-2. 



2-3. 



2-4. 



2-5. 



r 



2-6. 



Learning Objective: Identify basic 
principles of supervision. Text- 
book pages 2-1 through 2-3. 



A high level of production indicates good 
supervision only when it is accomplished 
willingly and with mtedfest on the part 
of the working crew. \ 

You can earn the respect of your crews by 
providing good supervision and proper 
direction and setting a good example. 

Upon assuming duties as a supervisor, 
what should a CMl or CMC do? 

1. Make it clear that all things will 
be changed 

2. Tell subordinates that foolishness 
will not be tolerated 

3. Tell subordinates that things will 
stay put for now 

4. Indicate that gripes will be handled 
efficiently 

All the following are, common mistakes of 
a new supervisor EXCEPT v * 



2-7. 



using "new broom" tactics A 
^asserting authority to attract 
attention 

teaching subordinates what not to do 
playing favorites 



As a new supervisor on the job, a CMl or 
CMC will be able to^keep matters better 
in hand by 



ble^t^fc 



1. ^trusting subordinates 

2. letting subordinates know that the 
supervisor will not be responsible 
for their mistakes 

3. letting subordinates know immediately 
* who is boss and that orders will not 

be questioned 

4. accepting full responsibility for 
anything that happens on the 30b 1 



2-8. 



2-9. 



Which of the following ; ra~t> **s 
a supervisor observ*- cuiliin-s t * 
proper relationship witn 5 ifc jr t- 



ul 1 



1. Make clear by actions tnat the sui-cr 
visor is a step al ovc t ne s ^ o r d * r: a t> 

2. > Have answers for everything ana nak» 

it clear that rV> suggebtion^ are* 
needed 

3. Be a regular person uith the cr<*A, 
both on ,and off the 30b 

4. Maintain a friendly conservative 
manner, be* consistent, demonstrate 
confidence in subordinates, an'i sot 
a good example 



Which of the following is a good tract 
for all super-v-i-sears^? — - 



1. Caring for tools and equipment 

2. Training or developing subordinates 

3. Delegating no authority to subordinates 

4. Disregarding suggestions by subordi- 
nates 




Learning Objective: Point out 
principles of leadership as £hey 
apply to supervision and identify 
the responsibilities of super- 
visors. Textbook pages 2-3 
through 2-5. 



Whether you become a good supervisor will 
depend on your ability to do which of the 
following tasks? 

1. Organize 

2. Delegate 

3 . Coordinate 

4. ^Each of the above 

Throughout military history, successful 
leaders have based their daily actions on 

1. the golden rule 

2. general principles * 

3. leadership principles 
4» common knowledge 



-ft 
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2-10. 



2-11, 



2-12, 



2-13. 



2-14 



In planning a project, what should you 
do before making the man-jhour estimate? 

* 

1. Prepare a list of repair parts 

2. Determine the sequence of repairs 

3. Assign your crews in accordance with 
their capabilities 

4. Encourage your personnel to work 
faster 



Before assigning work to -your crews, 
should have which of the followinc 
information? 



you 



1 . Their experience 

2. Leave schedules 

3. Training required 

4. All of the above 

What is one of the common faults *of 
a new supervisor? 

1. Lack of coordination 

2. Lack of organization 

3. Failure to delegate authority 

By delegating authority, you are relieved 
of the responsibility for a pro3ect. 

\ 

o has^first or immediate responsibility 
for the safety, health, and welfare of a 
group of workers? 



1. Safety officer 

2. Department head 

3. ' Job supervisor 

4. Executive officer 

2-15. What is the primary responsibility oi 
1 evi^ry superyLsor? 

1. 'Plan and organize ^ * 

2. Production 

3. Make out daily man-hour reports 
9 4. Train subordinates. 

2-16. Crews will produce mpre and be more 
willing to cooperate when 

3 

1. allowed to set their own start time 

permitted to secure early 
3/\ allowed to work without interrupt ioJ^ 
4.. told the whats an^whys of their work 

2-17. Failure to keep your superiors informed 
may result in their lack of concern for 
you and your crewmembers . 

2-18. High morale of your crewmembers is a 

direct result of their being confident 
and doing well on the job. 



2-19. Which of the following- fadtors^ cou^/be 
indicators of low morale? 

1. Equipment damages or losses due to 
carelessness \ 

2. Absences without leave '* 

3. Requests for transfer 

4. All of the above 

2-20. A battalion's training program \s formed 
to provide navaf^personnel with skills to 



1. prepare personnel for advancement 

2. accomplish the current and mobiliza- 
tion missions of the battalion 

3. accomplish the homeport projects only 

4. prepare personnel for civilian life 

Who must emphasize the importance of 
training to your crewmembers? * 

1. S-2 officer 

2. Executive officer ^ 

3. You, the supervisor 

4. Company training petty officer 



2-21. 



2-22. 



2-23. 



2-24. 



Learning Objective : Indicate prin- 
ciples and techniques of adminis- 
tration or supervision in pro3ect 
planning and estimating. Textbook 
pages 2-6 through 2-8. 



In planning, which of the following 
estimates should you be concerned with? 

1 . Equipment 

2. Material 

3. Manpower 

4. Each of the above 

Whether a construction project fails or 
succeeds may depend upon the accuracy of 
the calculations for each pha^se of 
development. 



As petty officer in charge of the crew, 
you should confirm the planning for the 
next workday at the end of each workday.. 

2-25. To be an effective supervisor, wlftch of 

the following factors should you consider 
in your day-to-day planning? 

1. Keeping each crewmember fully occupied 

2. Having enough equipment on hand to get 
^ the 30b done 

3* Having enough supplies on hand to get 

started 
4. All of the above 
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2-26. Planning should include time to handle 
personnel matters and military duties. 



2-36. 



-27. Rotati 
■ at?n?ev 



ng 30b assignments of mechanics 
eves which of the following condi- 
tions? 



* 1„ J Improves skills 

2. Stimulates interest 

j 3. diversifies experience 

4. All of the above 

2-28. When locating maintenance ma;Uerials, you 

should consider all the following EXCEPT ^ 

1 ■ standardization 

2. security 

3. safety . 

4. frequency of use 

2-29. Inventory control is justification for 
combining similar organic and augment 
repair parts. 

2-30. Mount-out box lids and tiedown bands are 
considered expendable items. 
> 

2-31. Paint and lubricant inventory is a supply 
responsibility until drawn for use. 

2-32. Toolkit inventories are normally conducted 
how frequently? 



2-37. 



2-38. 



( 



2-39. 



- 1.- Monthly 

2. Biweekly 

3. Weekly 

4. Daily 

2-33«^ Safety and preventative inspections* of 

portable power tools are^to be conducted 
by the 



-34. 



2-35. 



1. battalion safety office 

2. shop toolroom 

3. battalion central toolrtfom 

4. CESO inspection team 

At a -»temporary site, fueling stations are 
set up using underground tanks. 

Factors to be considered in determing the 
number of ready-for-issue tires required 
do NOT include the 



2-40. 



1. types of tires on the ground 

2. nugiber of personnel in the tire 

3. operating conditions 

4. number and size on the ground 



shop 



2-41. 



Inventory o£*-epares for tactical vehicles 
is expedited by 



storing them on pallets 

turning t^iem into supply 

attaching tags and storing as 

collateral equipment 

using them as ready-for-issure tires 



Learning Objective: Identify pro- 
cedures for controlling air 
pollution. Textbook page 2-8. ( 

Construction* mechanics are to be con- 
cerned w^ith air pollution emitted from 
the following sources EXCEPT 



1. vehicle exhaust 

2. paint booths 

3. boiler exhaust 

4. parts washers 



! 

The preferred means of removing heavy 
exhaust gases from the shop is 

1. a suction-ducting system f 

2. cross-ventilation 

3. pedestal fans 

4. hooded fans 

Paint booths require an adequate venti- 
lation system to remove paint fumes. • 
Additiorial safety requires that they be 
equipped with 

1. pedestal fans 

2. reflec^4>e finished walls 

3. explosionproof electrical connections 

4. air-operated tools 



Learning elective: Identify means 
of containing or removing oil 
spills. Textbook page 2-9. 



Synthetic sorbents can be made of which 
of the. following materials? 



1. 
2. 
3. 
4. 



Stra.w 
Clav, 
Dry oil 
Polymer 



An effective means of absorbing bunker 
fuel at minimal cost is to use 




r 



1. polyurethane foam 

2. straw 
3*. clay 
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2-42. 



'2-43. 



2-44. 



Waste oil may; be used 
and weeds without endan 
systems . 



control dust 
jnntfwater 




48. 



Learning Objective: Recognize 

basic work practices of a public 

Works transportation mamteVance 

shop. Textbook page 3-1. 



Which of trte following personnel will 
you contact m your work as ?\ trans- 
portation shop supervisor? 

1. Mechanic 

2. Military and civilian operators of 
equipment \ * 

3. Officers to whom you are responsible 

4. All of the above^. 

Which of the following statements Best 
describes the work of a Public Work J 
transportation maintenance shop? 



1. The bulk of the work is of a one-Vime 
nature 

2. Much of the work is of a continuing 
nature 

3. The work is usually done by military 
personnel 

4. Work methods are the same as those 
used m a battalion equipment mainte- 
nance shop 

2-45. Civil service personnel are employed in 
a PW transportation shop* to provide 

1. jobs for the civilian community 

2. experienced personnel who can be 
* drafted in war 

3. continuity of service 

2-46. The location of shop tcfols and equipment 
will depend on the amount of the type of 
equipment to be maintained in your ^ 
maintenance shops. v * 



Learning Objective: Point out the 
duties and responsibilities of 
supervisory personnel of a Public V 
Works Transportation Department. 
Textbook pages 3-2 through 3-6. ^ 

1 

2-47. Who functions as a technical advisor in 
planning equipment required for the PW 
center? v '^& 



50. 



Who takes over if the transportation 
director is absent? 

1. Production control supervisor 

2. Manager of the equipment branch 

3. Maintenance and repair foreman 

4. , Construction and specialized^ equipment 

'shop foreman 

Besides being responsible for receiving, 
inspecting, and classifying all new and 
j used equipment-, the production control 
supervisor determines the 

1. number of vehicles required for the 
activity 

2. parts and tools needed to support 
this equipment duriug its life cycle 

3. budgetary requirements for the 
maintenance division 

4. workload for the transportation 
department 

Scheduling the workload for the various 
centers of the Transportation Department 
is the responsibility of the 

1. maintenance and repair foreman 

2. manager of the equipment branch 

3. production control supervisor 

4. construction and specialized equipment 
shop foreman 



J. 



items 2-51 through 2-55, select from column B 
supervisory personnel who is responsible for 
duty in column A. 



2-61. 



2-52. 



1. 



A. Duties 

Supervises the tire 
shop, body and paint 
shop, and battery 
shop ,v 



Exercises full mana- 2. 
gerial and admini- } 
strative jre s^nsJJ*Tl i ty 
of the PW transporta- 3. 
tion activity 



B . Supervisors 



Transpor ta tion 
director 



Production con- 
trol supervisor 

Maintenance and 
repair foreman 



2-53. Issues and enforces 
safety .practices and 
fire regulations 

2~54. Maintains shop 

backlog records and 
vehicle history files 



4. Construction 

and specialized 
equipment fore- 
man 



1. Equipment operations general foreman 

2. Production control supervisor 

3. Transportation director 

4. Equipment maintenance genersPl foreman 



2-55. 



Supervises the 
machine shop 
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2-56. The maintenance and repair foreman and 2-61. 
the construction and specialized equip- ^ 
ment shop foreman have basically the same 
responsibilities. Which of these respon- 
sibilities is EXCEPTED for the construe- , 
tion equipment shop foreman? \ 

*> 1. Technical supervision of the work 

Genter 2-62 . 

, 2. Analyzing and interpreting SRO's 

3. Issuingvand enforcing safety prac- 
tices and fire regulations f 

4. Maintenance, repair, and major over- 
haul of specialized equipment 



Which of the following* points should you 
check during a yehicle ]>rake inspection? 

1. Brake pedal free travel 

2„ Brake line leakage % 

3. Brakedrum wear 

4. All of the above - 

Which of the following items are NOT 
found on a motor vehicle safety inspection 
checklist? 



Learning Objective: Explain prin- 
ciples and» techniques of preventive 
maintenance of equipment. Textbook*-' 
pages 3-5 and 3-6. ' 



2-57^. What 4 is the most important phase of pre- 
ventive maintenance? 

1. Scheduled command inspections 
2 ^ Unscheduled ? inspections 
«3. Scheduled periodic preventive mainte- 
nance 

4. Unscheduled periodic preventive mainte- 
x nance 

2-58 % The first line for preventive maintenance 
is the * 



1. 

2: 
3. 
4. 



2-63. 



1. unscheduled periodic inspection 

2. scheduled command inspection 

3. operator's daily maintenance 
' 4. mechanic's minor repair 

2-59. Your maintenance shop has noted that the 
operators are not performing proper daily 
> PM.' s on their equipment. With whom 
should you consult to set up training " 
periods? 

1. Equipment operators' 

2. Equipment operation branch foreman 

3. Maintenance shop inspector 

4 . Production control supervisor 

2-40. When should your personnel inspect 

vehicles for safety and serviceability? 

1. At the time a scheduled type A is 
performed only 

2. At intervals not to exceed 6 months 
or 6,000 miles, whichever occurs 
first • J 

3. At the time a scheduled type B is 
» performed only • 

4. At the time a scheduled type C is 
performed „ „ * 



Brakes, lights, and tires 
Exhaust and steering system 
"Radiator and doors 
Lights, windshield wipers, jand 
warning devices 

P 

Tires should be removed from motor 
vehicles and replaced when the thickness 
of the tire tread is 

1. 1/16 inch or less | 

2. 1/10 inch 

3. 1/8 inch 

4. 1/4 inch V 



2-64. What constitutes an unscheduled mainte- ' 
nance service? 

* ' * 

1. Correcting troubles listed on the 
operator*^ daily trouble report 

* 2. Correcting additional troubles found 

during this service period 

3. Correcting safety deficiencies noted 
prior to releasing the vehicle 

4. Each of the above 



r 



2-65. 



Learning Objective: Pointy out 
fundamentals of a Public Works 
cost control system. Textbook 
pages 3-6 through 3-8. 



The cost control system provides a means 
for comparing the actual performance of 
maintenance work on transportation 
equipment to the hourly standards that are 

1. derived from the man-hours accumulated 
in the u*se of the equipment 

2. established by the equipment manu- 
facturers and the Naval Facilities 
Engineering Command 

3. derived' from past work records 

4. based upon the volume of work done 
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2-66. 



2-67. 



2-68. 



2-69. 



Which of the following cosjts are charged 
to allotments and appropriations in the 
cost control system? 

1. Indirect labor and material costs of 
equipment maintenance and operation 

2. Direct, labor and material costs of 
equipment maintenance and' operation 

3% Costs of building maintenance, shop 

stores, and utilities 
4. AJ.1 otf.^e above * 

Transportation management reports include 
dafca for comparing actual maintenance 
costs and standard maintenance costs* 



Textbctak figure 3-2 is, aniexample of a 
Shop Repair Order. One Jse of such an 
order ,is recording what type of informa- 
tion? * • 

1. The cost of repairs 

2. The materials used 

3. The hours required to do the work 

4. Each of the above ^ , 

The extent* of the services tha't a PW 
maintenance shop will provide in maintain- 
ing, repairing^, or overhauling an 
activity* s automotive equipment depends 
on which of the following factors? 



gnomic 



1 . Economics 

2. 'pi stance of the activity from commer* 

clal~repa~ iF~shops — -i — ' 

3. * Size of the activity 

4. Each ojf the above 

2-70. The cost of repair services by the pre- ^ 
ventive maintenance shop must be justified 
when the nature of the work is classified. 



2-71, The level of preservation to apply to 

construction equipment depends on which 
of the following factors? 

1. Informatibn'fceceived as to how the 
equipment is to be handled, shipped, 

'and stored '* 

2. Conditions tcWwhich the equipment 
will be subjected during its storage 
period prior to issue 

3. ^J^s'ical characteristics of the 

equipment 

4. Each of the above . 

2-72. All corrosion and contaminants ^must be 

r removed from a piece of equipment before 
it is preserved. , 

2-73. Active storage equipment must be operated 
for short periods of time at regular 
intervals to keep it in serviceable 
condition. ' 

4 

2-74. Which of the following is NOT a step 
in the procedure for depreserving 
stored equipment before it can be 
operated? ^ 

1. Removing seals and closures ( jf 

2. * Remoying preservatives with abrasives 

3. Lubricating the movable parts* of the 
equipment ' 

4. "Reinstalling the components removed 

for storage 



Learning Objective: Describe the 
procedures used in the' preserva- 
tion, -depreservation, and storage 
of equipment. Textbook pages 3-9 
and 3-10. 



/ 
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Assijgnm^nt 3 



pw* Transportation Shops Supervisor and Battalion Equipment Company Shc^S^gupervisor 
Text'book Assignment: Pages 3-10 through 3-12 and 4-1 through' 4-25 



3-1. 



Learning Objective: To point gut 
procedures for P*W. preventative 
maintenance scheduling . Textbook 
pages 3-*l0 and 3^11. 



In addition to safety inspections, vehi- 
cles should be inspected and serviced as 



m 1. prescribed by the manufacturer 

4 , 2. often a*s mechanics are available 

3. little as possible to keep the' cost 

, ? down. 

4*. prescribed by the dealers 

3-2. With 126 vehicles in PM Group 63, you 
would schedule what number of vehicles 
into the shop daily? 

1. One 

. 2. Two 4t 

3. t Three v 

4 . Four 

3-3. Direct labor available is the only factor 
to be considered when maintaining a wor£- 
- load control board. 

3-4. Bar charts are used to monitor and control 
work progress. 



Learning Objective: Recognize basic 
principles in the organization of ^ 
the equipment maintenance branch in 
an NMCB. Textbook page 4-1. 



3-5. What sections constitute the equipment 
maintenance branch of an NMCB? 

1. Administration and automotive repair 

2. Heavy equipment repair and support 

3. Automotive repair and support 

4. Administrative, automotive repair, 
heavy equipment repair, and support 



3-6. The equipment maintenance branch is 

normally 'under the overall supervision 
of a/an 

1. EQCM 

2. CMCS 

3. Civil service employee 

4. CMC 

3-7. Who normally serves as a section head in 
a maintenance branch? 

1. EQCM ~ ^ 

2. CMCS ■ % 

3. CM1 or CMC 

4. CM2 



Learning Objective: Point out fac- 
tors in setting up a battalion 
maintenance branch. Textbook pages 
4-1 through 4\-3. 



3-8. in planning for the location of a mainte- 
nance shop, you should consider which of 
the following factors? * 

1. Nearness to transportat ion facilities 

2. Room for expansion 

3. Size *of parking area 

4. .All of the above ~* 

3-9. Name two factors you should consider in 

deciding what type of tools and equipment 
to have on hand. 

* K 

Goals and limitations set by regiment 

2. Layout of the shop and the qualifica- 
tions of your mechanics 

3. » Operational* needs of the battalion ' 

and the cost of having work performed 
at an overhaul facility 

4. Cost plus factor and the expediency of 
* the commercial facility 




3-10. Deciding that work can be done \ more 
economically at a component overhaul 
facility than in the maintenance branch 
is based solely upon the 

1. cost plus factor 

2. availability of the facility 

3. facts and figures in transportation 
maintenance management reports 

4. desires and goals of the regimental 
transportation officer , 

3-11. Where should you locate drill presses, 
bench grinders, and other common power 
v tools for repairing many kinds of 

equipment? * • ~ 

1. In or near the main shop area 
,2. In an a tea where ON-OFF switches are 
■ reached* easily 

3. In an area where water is accessible, 
in case of fire * 

4. In any section of the equipment 
maintenance branch 

3-12. In which of the following places should 

you ^ocate the master switch that controls 
all power in the maintenance shop? * 

1. A room fchat can be secured easily 
1 2. A space that is in full view of all 
shop personnel 
*" 3. An area that cam be controlled by a 
..-.supervisor » 
4. A location that can be reached quickly 
I in an emergency 

3^-13. For the sake of safety, what should you do, 
in .the area where welding* equipment « is 
used? 

* 

1. Have the area screened and ^equipped 
with firefighting equipment „ » 

2. Locate th^area away from the rest of 
the shop areas v 

3. Have the area posted with hazard 
' warning signs 

4. All of the above 

» 

3-14. Why should tire repair equipment be 

located ^n a' separate section of the shop 
s near one of the shop's entrances? 

To eliminate the need for duplicate 
equipment S 
To enable it to be used by patrons of 
the hobby sHop after working hours 
To enable civil service employees, 

well as CM's, to use it - 
To\illow the EO's to use it as 
lily as the CM's 



3-15. 



3-16. 



3-17. 



3-18. 



3-19. 




3-20- 



Which of the following is a safe ^practice 
regarding the battery charging equip- 
ment in your maintenance branch? 



1. Locating the equipment in a well- 
ventilated space ' 

2. Installing an exhaust fan near the 
equipment 

3. Having »a water .supply near the 
equipment * 

4. Each of the above , • + J 

To help prevent shop accidents, a super- 
visor makes sure the mechanics observe 
good housekeeping and safe working* 
practices . , ^ 

Doors at the front and rear of the shop 
ana windows that can be opened wj.ll 
normally enable enough air to enter the 
shop and remove exhaust gases . 



Learning Objective^ .Identify, funda- 
mentals of shop ^titif^rtization and 
responsibilities 'roTthe battalion 
maintenance supervisor an<^ 
subordinates. Texcpobk^pacjes 4-3 
through 4-9. t£ 



Who has overall responsibility .for 
insuring proper maintenance and repair of 
all automotive, construction, and 
materials-handling equipment assigned to 
a NMCB? M 

1. Maintenance supervisor* 1 

2. Automotive shop supervisor^ 

3. Heavy. equipment shop^ suj5ervisor 

4. Support section supervisor 

What else does the 'shop inspector do 
besides determining what repair work i-s • 
to be done on a piqce of* equipment? 

1. Note deficiencies on the' SRO 

2. Complete record forms 1149 and 1250* 

3. Make minor adjustments as neoeasary 

4. Perform the next scheduled §M 
inspection • *" 

The automotive repair supervisor has 
direct control and supervision over the 
personnel in his section. s Other duties 
of the supervisor include all the 
■ fallowing EXCEPT* 



V 

\ 



1. 

2. 
3. 
4. 



•providing technical leadership^ 
providing the field maintenance crew 
maintaining records and reports 
insuring timely and quality woqfc ' 
performance ^ 
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3-21. In what situation is it worthwhile for, 3-26. 
the heavy equipment repair shop super- 
visor to shortchange himself as to shop 
' personnel? * \ 

1 . When furnishing additional persoWel 
to the support section * 
* 2.* When providing experienced field 
maintenance mechanics 
3. When providing technical^assistance ( 3-27. 
to the logistic section with regard 
to repair parts 



Organizational maintenance of equipment 
includes* which of the following? 

1. Operator and preventive 'maintenance 

2. - Daily inspections, lubrications, and 
. adjustments 

3. Mechanics weekly inspections, lubri- 
cations, and adjustments 

Any defect or unsafe condition found by 
any operator should be reported immedi- 
atelv to ; 



3-22. ♦■Who is responsible for furnishing the 
< tools and equipment that the, field 
mechanics require? 

1. Senior mechanic 

2. Automotive shop supervisor 

3. Heavy equipment shop supervisor _ 

4. Maintenance supervisor 

3-23. Suppose a repair shop •mechanic needs to 
use a *tool not already in jfts custody. 
* How does he obtain this tool? 

\* By giving the tool issue room person- 
nel the assigned job order number 

2. By presenting an EWOto the toolroom 
personnel » • 

3. By checking it but* from the toolroom 

JJ-24. pM lube racks should be located a dis- 
tance from *other shop areas as a means of 

1. making lubrication services easy to 
perform 

2* making it easy to inspect and clean 
equipment 

guarding against fire 

4. providing shelter to increase PM 
• efficiency . 



Learning Objective: Describe funda- 
mentals of operator maintenance, 
preventive maintenance, ancfccost 
control under the battalion mainte- 
nance program. Textbook pages 4-12 
through 4-16. 



3-25. The basic objective of the preventive 
maintenance program is to 
* 

1. provide a .thorough inspection of 
each piece of equipment 

2. insure that each piece of equipment 
is painted when required 

3. keep records to obtain a complete 
history .of the equipment 

, 4. keep the equipment operating and to 
detect minor problems before they 
become major ones 



1. the senior mechanic 

2 . the shop supervisor 

3. any. shop mechanic 

4. the dispatcher 

3-28.' The Operator's In spec tjdn Guide and 
Trouble Report, NAVFAC 9-11240/13 of 
textbook figure^ 4-1, is completed only 
when a breakdown occurs. 

3-29. From a PM Report (textbook figure 4-2) , 
the maintenance inspector can obtain 
which of the following information? 

1. Fuel consumption 

2. Services performed 
3? Hours ^of operation 
4. Each of the above 



3-30. 



3-31. 



3-32. 



The operator's after-operation tasks 
may include participation in the PM. 

The overhaul of equipment assemblies, ^ 
subassemblies, and components is the 
responsibility of the maintenance shops 
at which level o^the battalion mainte- 
nance program? * 

1 . Organizational t 

2. Depot 

3. Intermediate 

What is the standard interval between PM 
service inspections for NCF equipment? 

1. 30 working days^, 1,500 miles, or 
100 hours 

2. 40 working days, 2,000 miles, or 
120 hours 

3. 50 ^worjcing days, 2,500 miles, or 
140 hours * 

4. 60 working days, 3,000 miles, or 
150 hours * 
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3-33,. 



3-34. 



3-35 . 



One step in establishing the initial 3-39. 
standard Ihteryal between PM service 
inspections is to 

* •? 

1. group all similar types of equipment 

2. group all assigned equipment into ^ 
30 separate PM groups « 

3. distribute all assigned equipment 
.evenly among 40 separate PM groups 

4. divide the number of pieces of 3-40. 
• equipment into the number of work- < 

days per month 

Whose responsibility is it to determine , 
whether the PM interval for a piece of 
equipment should be reduced? 

1. Operator 

2. Mechanic 

3. Shop supervisor 

4. Maintenance supervisor 

When, if ever, will the standard interval 
between PM service inspections be 3-41. 
extended? • 

1. When a shortage of mechanics exists 

2. .When the number of projects is 
excessive „ 

3. When the number of qualified inspec- 
tors assigned is insufficient 

4 . Never 



To insure that the PM program is being 
performed as prescribed, the maintenance 
supervisor will review the PM Record 
Card file at least 



1. once a month ' 

•2. every other month 

3. three times ^ year * 

■ "4. quarter ly^ 

3-37- How are the PM Record Cards maintained? 

1. Alphabetically by type of vehicle 

T 2. Numerically by type of vehicle 

3. By PM group in a tickler file 

4. By date of scheduled PM's 

3-38. What happens to the PM Record Card for a 
vehicle that is transferred? 



) 



3-43. 



1. Destroyed 

2. Held for 1 year, then destroyed 

3. Placed in the equipment history packet 

4. Sent to the Equipment Records Division 
»at Port Hueneme 



* 

What type of inspection is given a piece - 
of NCF equipment at intervals of 40 
working days? 

1. A 

2. B 

3. C 

4. D 

Which of the following is^ an interval for 
a type B inspection? 

1. '2,000 miles 
•2. 120 hours 

3. Two consecutive type A inspections 

4. Bach of the above 



-Learning Objective: Point out pro- 
cedures for preparing Equipment 
Repair Orders. ' Textbook page 4-16. 



Which of the following entries is NOT 
recorded in ERO's and their continuation 
sheets? 



1. 

3. 



3-42. 



Cost of repairs 
Types of repairs 

Hours required for repairs, as well 
as the total time that an item, of 
equipment is out of service 
4. Rate of the person doing the work 
(experience level) 

What block number on the Equipment Repair 
Order should indicate the type of 
h maintenance repair? 



6 
8 
10 
'l2 



a-44. 



What blo,ck number on the Equipment Repair 
Order should indicate the total funds 
expended for maintenance cost? 

1. 16 

2. 20 
3.. 26 
4. 30 

Accumulation of data from the ERO's and 
their continuation sheets provide in- , 
formation for which of the following 
purposes ? £ 

1. Budget planning 

2. Determining economical life expec- 
tancies 

3. Predicting equipment and training 
requirements 

4. Baqh of the above 
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3-45. What difference, if any, is there between 
. the authority to perform work in the 
field an3 the authority to do work in 
the shops? 

1. An ERO must be filled out for work 
in the shops but not in the field 

2. An ERO must be filled out for work 
in the field but not in the shops 

3. An ERO and SRO must be filled out for 
work in the shops but not in the field 

« 4. None 

3-46. /The ERO Log Sheet, textbook figure 4-6, 
shows the dozer received an interim 
repair and type B PM. What type PM, if 
any, is'it next scheduled for? 



/ 

In items 3-51 through 3-54, select from? column B 
the description of the supply, aid in column A. 

A. Supply Aids' . JB. Descriptions 



3-51. Summary item 
list 

3-52. NAVSUP 1114 

3-53. Delete item 
listing 

3-54. DD Form 1348-1 



l f Repair parts no 
longer required by 
a previous COSAL 

2. A printed stock 
record card 

3. An item release or 
receipt document 

4. Items required by „ 
the old COSAL 



1. A 

2. B 

3. C 

4 . None 



Learning Objective: Point out fac- 
tors that determine outfitting 
repair^ parts allowances for support 
* of battalion equipment. Textbook 
pages 4-16 through 4-20. 

<f • . ' , ; . . 

3-47. The Consolidated SEABEE Allowance Lists 

(COSAL 1 s) establish the support for which 
of the following assigned types of equip- 
ment based on USN-n umbered listing?/ 

1. Vehicular 

2 . Materials-handling 

3. Organic and augment • « , 

4. Construction/weight-handling 

3-48 v Repair part sr allowances arr normally 

designed to provide what percentage* of 
effectiveness for 90-day support of 
vehicles or equipment in new x>r like new 
condition? 



3-55. Which of the following^ materials are in 
a prepackaged library? * 

0 1. Manufacturers 1 parts manuals and 

operators 1 manuals 

2. History jackets for assigned equip- 
ment 

3. Technical manuals and shop manuals 

4. All of the above < 



3-56. 
4 



.Which of the following data blocks of 
textbook figure 4-15 should indicate that 
a repair part was issued? t 

1. 5 

2. 7 

3. 12 

4. -17 



3^57. ' Which of the following forms is used as 
authorization for drawing or ordering. * 
repair parts? . IP . » 

^ '* NAVSUP 1250 * ' 

2/ NAVFACM1211074 

. 3. NAVDOCK* 1250 ] 

4. DD 120 



100 percent 
90 percent 
80 percent 
75 percent 



3-58. After the Storekeeper in the repair parts 
• section issues the requested part, the 
yellow copy of the 1250 is attached* to 
the ERO. 



3-49. General repair type items are referenced 
in the COSAL' s as parts peculiar? 

,3-50. What are the respective high and low 

limits established for the stock items 

carried on the Stock Record Card of 
textbook figure 4-13? , 



11 and 

12 and 
14 and 
16 and 



4 

) 



3-59. Who authorizes placing oh order a part 
which is not in stock and assigns a 
priority to the requisition? 

1. Shop supervisor 

,2. Shop inspectpr , 

- 3. Senior mechanic 

4. Maintenance supervisor 



0 
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3-60. What action, if any, does-cost control 
* take when parts are being placed on 

J requisition? 

1* Assign a department order number for 
each part not in stock (NIS) 

2. Assign a department order number for 
each group of similar items 

3. Assign a department order to each 
part ordered 

4 . None 

During an overseas deployment, the repair 
parts section, ordered the raincap shown 
on the repair parts summary sheet (text- 
book figure 4-lD . How many days should 
be allowed for delivery of the raincap to 
the parts department or for a status 
report on the requisition? 

B 

2.. 15 ' 
N 3. 1 20 

4. 45 * ! 

3-62. ; A repair parts summary sheet Is maintained 
for parts pending action for each 

i 

... ^» 
requisition * 

part type 

part 

item of equipment assigned 



3-61. 



3-64. Vfhen does the Battalion Equipment Evalua- 
tion Program (BEEP) establish uniform 
procedures that ar| to be carried out? 

1. During a battalion's onsite relief 
% and equipment turnover 

2. During the original equipping of a 
battalion before an overseas 

a s signment ^ 

3. At an inspection certo^cted 3 months 
after the battalion arrives at a 
•station 

4. At each of the above times 



In items 3-65 through 3-70, 
Mobile Construction Battali 
be relieved by .Naval Mobile 
lion 133. Match the task i 
selecting from column B the 
sible for accomplishing the 



assume that Naval 
on 40 is scheduled to 

Construction Batta- 
n column A by 

battalion (s) respon- 

task during the* BEEP. 



Tasks 



B. Battalions 



3-65, 



3-66, 



3-63. The supply section normally forwards DD 
Form 1348-1 to cost control upon receipt 
of ordered parts. What does the cost 
control clerk do? 



1. 



2. 



3. 



4. 



Store the parts in the DTO bin or 
issue the parts 

Fill in the receiving date on the 
repair parts summary sheet and attach 
■DD Form 1348-1 

Tag the part with a USN number and PM 
group f y 

All the above 



Learning ^Objective: Indicate proce- 
dures for conducting the Battalion 
Equipment Evaluation Program. Text- 
book pages 4-21 and 4-25. 



Reviewing mainte- 1. 
nance correspond- 
ence not yet 
acted* upon 

Notifying higher 
authority of BEEP 
commencement date 



3-67. Providing tools 
and shop equip- 
ment for evaluation 
and repair of 
equipment 

3-68 . Coordinating the 
scheduling of 
equipment for 
inspection 

3-69. Conducting a* pm 
, inspection of 
equipment 
attachments 

3-70. Inventorying all 
shop equipment 



NMCB 13^ 

NMCB 40 

NMCB 133 and > 
NMCB 40 V 
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3-71. Who is responsible^ for insuring that aiv 
ERO, a copy of the equipment evaluation 
inspection guide, and a copy of the 
attachment evaluation inspection guide 
are prepared for each piece of equipment 
being BEEPed? 

1. NMCB 133 only 

2. NMCB 40 only 

3. NMCB 40 or NMCB 133 

4. The COMCBPAC/COMCBLANT representative 

3-72. During the BEEP, a preserved item of* 
assigned USN- numbered equipment is 
depreserved for testing after a visual 
inspection shows major discrepancies. 



3-73, 



r 

3-74. 



What code is given to a piece of dead- 
lined equipment to indicate that its 
repairs would* cost more than 40 percent 
of its acquisition cost?* 



1. 
2. 
3. 
4. 



R4 
R3 
E4 
XI 



C6MCBPAC/C0MCBLANT Instruction 4040*1' 
series contains guidelines for accom- 
plishing the repair parts portion of the 
BEEP. 
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Battalion Equipment Company Shops Supervisor and Engine Overhaul 
Textbook Assignment: Pages 4-25 through 4-32 and pages 



5-1 through 5-35 



4-1. 



Learning Objective: To point out 
the procedures of embarking equip- 
ment. Textbook pages 4-25 and 4-26. 



The embarkation staff determines and ad- 
justs load requirements to conform to the 
type of transporting unit* 



4-2. „ Air detachment equipment will receive 
a low priority during a complete em- 
, barkation. 

4-3. Equipment being embarked wiiJL NOT have } 
which of the following actions 



as part of preparation? 



is performed 

j 



1 : Minor repairs 

?. Collateral equipment installed 

3. Spare tires installed 

4 . Complete repaint 



Learning Objective: To become fa- 
miliar with* construction schedule 
drawings for preparation of equip- 
ment, manpower, and material Esti- 
mates. Textbook pages 4-26 through 
4-30. 



4-4. The purpose of construction schedule 
drawings is to serve as a guide for 
managerial personnel. 

I 

4-5. Broken lines in an arrow diagram repre- 
sent a/an 

1. activity 

2 . event T/ v_ 
3* dummy X > 
4. critical path/'* 



4-6. 



4-7, 



4-8. 



4-10. 



The longest path in terms of time through 
a oroject defines the 

1. activities 

2. events 

3. dummies w* 

4. critical path 

4 

Network analysis is a working timetable 
added to an arrow diagram. 

Factors to be considered when you develop 
a network analysis are critical items 
and all of the following EXCEPT 



1. capability 

2. frequency 

3. sequence 

4. continuity of work 



4-9. To obtain total slack in network analysis, 



you 


use 


1. 


T E 


- T L 


2. 


T E 


- T L 


3. 


T L 




4. ' 


T L 


- T E 



Activities in precedence diagrams are 
represented by a 

1. square box 

2. triangle - * 

3. circle * 

4. rectangular box 



Learning Objective: Define types of 
horsepower and measure or compute 
each "type. * Textbook pages 5-1 
through 5-8. 
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4 -XX. What is the horsepoter equivaXent of 

66,000 foot-pounds or work per minute? 

X. X 

2. 2 

3. 3 

4. 4 



4-18. In which of the foXXowing speed ranges 
is enaine torque faXXing .whiXe horse- 
power Zfc^rising? * 




X. X000 to >^00 rpm 

2. X800 to 2&Q£ rpm 

3. 2700 to 2900 rpm 



4-12. How many foot-pounds of work per minute 
can a *6-hprsepower engine produce? 



4-X9. At what speed reXative to rated speed is 
engine horsepower miximum? 



X. 50,000 

2. 66,000 

3. ] 00, 000 

4. X98,000 \^ 

4-13. What kind of horsepower wouXd an engine 
deXiver if it were possible to eliminate 
all frictional Xosses? 

X. Friction 

2. Indicated 

3. Drawbar 
4* Brake 

4-14* To convert inches of strojre to centi- 
meters, use the conversion factor of 

X. i. 0X4 

2. 2.54 

3. 6. 45* 

4/ 7.4 v * 



X. About 200 rpm Xess than- rated speed 

2. Pated speed 

3. About 200 rpm greater\ than, rated 
speed 

4. About 500 rpm greater than rated 
speed 

4-20. Which of the foXXowing events in_ the ' f 
cycle of gasoline operation must be j r 
timed properly to insure correct engine J 
timing? 



4-21 



Opening of intake and exhaust valves 
Closing of intake and exhaust valves 
Spark ignition of th« fuel 



Eacl^of the above 

To determine all timing events in a four,- 
stroke cycle diesel engine, how many 
clockwise revolutions must you trace on 
the timing diagram of 'textbook figure 5-6? 



4-15. In figuring metri^ con vers i&n of an 
engine, express mean effective pres- 
sure as . * 

1. CM 3 



2. Vt>/ixi 

3. kg/cm 2 

PLK . 

9 In an swe rin b it^e m s 4-X6 through 4-X9, 
refer to figuresS^4 and 5-5 of your 
textbook. 



4-16. 



What effect, if any, does an increase of 
engine speed above rated speed have on 
the torque produced? 

li Torque drops ~- 

2. Torque rises 

3. None 

In which of the foXXowing speed ranges 
does engine torque increase steadily? 

1. ^1200 to 1600 rpm 

2. X600 to 2000 rpm 

3. -2000 to 2400 rpm 

4. 2400 to 2800 rpm. 



X. One 
2. Two 

Three . 

4. Four * f 

4-22. Refer td textbook figure 5-6. When does 
the intake valve of a four-stroke cycle 
diesel engine open? 

1. A few degrees before TDC as the piston 
nears the end of its exhaust stroke 

2. A few degrees affcer TDC as the, piston, 
nears the end of lis exhaust stroke' 

3. Just as the piston reaches TDC on its 
exhaust stroke 

4. At 40 # before TDC as the piston nears 
the end of its compression stroke <r 

4-23. What stroke of a four-stroke cycle diesel 
engine begins slightly before TDC, con- 
tinues through BDC, and ends 'during the 
next upstroke of the piston? 

1 • Power 

2 • Exhaust 

3. Intake 

4* Compression 
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4-24. 



4-25. 



4-26. 



4-27. 



4-28. 



Refer to the timing diagram of textbook 
figure 5-7. Jjfaat is the relationship 
between fuel injection timing and piston, 
position? 



4-29. 



1. 


When the piston is at 


TDC, 


fuel 


is 




about to be injected * 






2. 


When*. the piston is at 
already been injected 


TDC, 


fuel 


has 


3. 


When the piston is at 
being injected 


TDC, 


fuel 


is 


4, 


When the piston is at 
being injected 


BDC, 


fuel 


*is 



4-30, 



For how many degrees past TDC does a pis- 
ton in a typical General Motors two- . 
stroke cycley diesel engine deliver power 
to the crankshaft? 

1. 17.5* v 
"5. 44. 5 ; 

3. 92. 5 # 

4. 132* 



Learning Objective: Recognize prin- 
ciples and techniques of diagnosing 
engine malfunctions. Textbook pages 
5-9 through 5-21. 



4-31, 



J 



4-32. 



Which of the following malfunctions can 
cause* an engine to lose power? 



»1. Incorrect ignition timing 
2. Excessive vacuum spark advance 

. ^orn-dtstrtbuis^canr" * 

4. All of the above 



Which of the following factors does NOT 
relate directly to the working parts of a 
diesel of gasoline engine but can contrib- 
ute 



1. 

2. 
3. 
4. 



to loss of engine power? 

3r attachments 



Number of accessories o 
operated- by the engine 
Pressure of intake air 
Temperature of intake air 
Each of the above 



Which of the following is a means of 
locating the source of trouble in a 
gasoline engine? 

1. Examining engine exhaust gases 

2. Operating the engine under load 
3 % Shorting out spark plugs 

4. Each of the above 

Which of the following causes of excessive 
oil consumption by an engine is likely to 
result in a major engine overhaul? 

.1. A cracked vacuum pump diaphragm 

2. Worn valve guides or stems 

3. Worn piston rings or cylinder walls 
4'. Each of the above 

A vehicle operator reports on his trouble 
card that his vehicle oil pressure gage 
shows a continuous low oil pressure 
reading. ^ Which of the following engine 
problems could be indicated by the J.ow 
reading? 



dtes 



Suppose the trouble with a dtesel engine 
has been located inside a fuij injector. 
Who should get the task of repairing this 
injector? 

1. Any mechanic who volunteers to do the 
task 

2. Any experienced mechanic who has been 
trained to repair injectors 

3. A qualified automotive engineer 

Which of the following factors are related 
directly to the working parts of a diesel 
or gasoline engine and the capacity of 
the engine tq produce its rated power? 

1. Pressure and temperature of intake air 

2. Ignition, compression, and carburetion 
.3. Quality of* fuel and, heat of compres- i 

sion 

4. All of the above 



^VT^torn^oiX^g ump 
2. 4 Worn engine bearings 

3. Weak relief -valve spring 

4. Each of the above 



In items 4-33 through 4-35, select from column B 
the method for locating the engine noise in 
column A. 



A. Engine Noises 

4-33. "Valve and tappet 
clicking 

4-34. /fciston-pin 
/ knocking 

4-35./ Connecting rod 
pounding 



B. Me thods 

A 

1. Short out spark 

plugs one at a time 
while engine is 
floating 

2* Short out spark 

plugs one at a time 
while/engine is 
idling with advanded 

_ Spark 

3. Insert feeler gage 
while engine is 
idling 
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4-36 • Suppose a heavy, dull, metallic knock is 
heard regularly while an engine is 
operating under load or is accelerating. 
Which of the following engine noises is 
indicated? 

1. Piston-pin knock 

2. Crankshaft knock 

3. Main bearing knock 

4. Piston slap 

4-37. Which gage or tester will enable a mech- 
anic to check the uniformity of pressures 
within the combustion chambers of an 
engine? # 

1. Vacuum gage 

2. Compression gage y*^— 

3. Cylinder leakage tester' 

4. Exhaust gas analyzer 

4-38. In What range should a vacuum gage reading 
fall for a gasoline engine in good condi- 
tion idling at 550 rpm a£ a 4,000-foot 
altitude? . , 

1. 21 to 26 inches 

2. 17 to 22 inches 

3. 1'5 to 20 inches 
/ 4; 13 to 18 inches 

4-39. A vacuum gage indicates an incorrect 

adjustment of the idle speed screw on a 
' carburetor. Describe the behavior of the 
gage pointer in this case. 

1. it remains steady on 10 inches 

2. It remains steady on 18 inches f 

3. It varies slowly between 13 and, 15 
inches 

4. It varies rapidly between 13 and 19 
inches 

4-40. A device for 'introducing compressed air 

into the cylinder of an engine can be made 
by removing the insulator from an old 
spark plug and welding a pneumatic valve 
stem to the threaded end of the plug. 

4-41 ♦ When using compressed air to test an 

engine cylinder f.04: leakage, you notice 
air bubbles in the radiator coolant. The 
bubbles indicate that air is probably 
being released through a 5 

1. defective head gasket 

2. leaking intake valve 

3. defective exhaust valve 

4. piston ring 



4-42. 



A reading on the gage of the cylinder 
leakage tester shown in textbook fi^urj 
5-11 will indicate the 



r 



air pressure in a cylinder 
percentag^ of air loss in a cylinder 
air temperature in a cylinder 
amount of carbon built up on a piston 



4-4 3. 



What are the most common micrometers used 
by mechanics? 

1. Outside 4 

2. Inside 

3 . Depth 

4. All of the above 



4-44. When using a micrometer, you should know 
that the thimble has how many threads 
per inch? 



inch? 

1 C 



1. 15 

2. 25 

3. 40 

4. 60 

4-45 ♦ The vernier micrometer is readable* to 

U" 0.1 

2. 0.01 

3. 0.001 ' 

4. x 0.0001 * 



4-46* 



Micrometers are precision measuring 
devices that require special handling 
and care. 



Learning Objective: Indicate proce- 
dures for overhauling the valves, 
valve mechanisms, and cylinder' heads 
of internal combustion engines. 
Text boo A pages 5-21 through 5-29. 



Initems 4-47 through 4-50, select from column 
B the possible /ause of the trouble in columnlA. 



A. Troubles 
4-47. Broken valve 
4-48. Burnt valve 
4-49. Sticking valve 
4-50. Valve deposits 



B. Possible. Causes 

insufficient valve^ 
tappet clearance 

Rich fuel-air * 
mixture 

gocked valve spring 
or retainer , 

Insufficient -oil 
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4-51* 



4-52. 



4-53. 



4-54* 



4-55. 



4-56. 



4-57. 



Which condition may be directly caused 
by a valve adjusted too tightly? 

1. Cocked valve spring 

2. Damaged piston 

3. Loose adjustment locks 

4. Oil leaks 

When valves are being adjusted, where is 
the piston positioned? 

1. TDC of the compression stroke 

2. TDC of the intake stroke 

3. BDC of the intake stroke 

4. BDC of the compression stroke 

Why do valve lifters of the type shown in 
textbook figure 5-24 provide ideal valve 
timing? 

1. They operate at zero clearance 

2 . , They compensate for engine temperature 

changes ^ . 

3. They adapt automatically for minor " 
wear at various points 

4. All of the above 

\ 

A mechanic should measure the eccentricity 
of a valve before deciding whether to reuse 
or replace it. / 

/ 

Valves and their seats are pe faced at 
exactly the same angle to help the valves 
cut through carbon deposits for improved 
sealing. • 

By what means is a valve ^eat grinder 
kept concentric with the valve guide 
during the. process of grinding valve seats? 

1. Upper and lower grinding stones 

2. Centered grinding stones in the chuck 

3. A self-centering pilot in .the valve 
guide 

4. Centrifugal force 

One method of checking the valve seating 
is to coat the valve face lightly with " 
Prussian blue and twist the valve one- 
quarter turn in its seat. How can you 
tell whether the valve seat is concen- 
tric with the valve guide? 

1. Prussian blue will transfer evenly - 
* to the valve seat 

2. There will be no trace of Prussian 
blue on either the valve or its seal: 

3. The shade of Prussian blue will grow 
brighter 

4. Prussian blue will collect in a pile 
on the valve seat 



4-58. What is the technique for inserting a 
new valve seat? 

1. Heat the engine block or cylinder 
head to expand the valve opening, 
then drop the insert in place 
v2. Shrink the ^insert by chilling, then 
drive it in place 

3. Hold the insert with pliers/, then ' 
tap it in place with a hammer 

4. Squeeze the insert with a special 
insert tool, then drop it in place 

4-59. What corrective action must be taken 
when the bore of a solid valve lifter 
becomes wprn? » 

1. Reface the lifter, ream out the bore, 
then fit with an oversize lifter 

2. Ream out the bore, then fit with an 
undersized lifter 

, 3. Ream out the bore, then fit with an 
oversize lifter 
' ,4, Replace the complete valve lifter 
assembly 

4-60. What is the signal for thQfend of a leak 
• down rate test on an hydraulic valve 
lifter? 

1. Feeler gage loosens as the valve seats 

2. Feeler gage binds -as the valve seats 
^ 3. Oil leaks fast as the valve seats s 

4. Oil leaks slow as the valve seats 

4-61 . Which of the following is an important ^ 
step in the installation of new camshaft 
bearings? «*. 

1. Line reaming them before they are 
installed 

2. Lining up the oil holes with those 
in the block 

3. Staking them whether or not -the old 
bearings were staked 

4-62. How can you tell whether the timing gear 
keyed on the camshaft and the one keyed 
on the crankshaft s are installed to insure 
proper valve timing? 

* 1*. The number of gear teeth between mar'ks 
is divisible by three 

2. All the marks on the gear teeth fall 
on the same straight -line 

3. There is an even number of teeth 
, between gear marks 

4. The gears mesh so that the two marked 
teeth of one gear straddle the one 
marked tooth of the other gear * 
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Learning Objective: Describe methods 
of servicing the crankshaft and cylin- 
ders of an internal combustion engine. 
Textbook pages 5-30 through 5-32. 



4-63. The usual remedy for crankshaft bearings 
that appear to have worn uniformly is 
bearing^replacement. 

4-64.* In measuring crankshaft journals, a 

mechanic finds one that has worn out of 
round by 0.004 inch. Wear on the other 
journals is negligible. What should the 
mechanic do? 

* 1. Regrind the out-of-round journal only 

2. Regrind all the journals 

3. Replace the crankshaft 



4-65. 



4-66. 



4-67. 



i 

(* 
t 



A 



V 



\ 



4-68. 



01 



\ 



\ 



The shape of flattened Plastigage that 
was used to check bearing clearance shows 
a/an 

1. excessive crankshaft end play 

2. locked or dragging crankshaft 

3. tapered or worn crankshaft journal 
1 or bearing 

4. loose bearing cap 

Assume a sharp irregular knock is heard 
each time the clutch of a vehicle is 
engaged or released. The probable 
cause of this knock is 1 

1. clutch plate damage 

2. worn thrust bearings 

3. a loose throwout bearing 

t - 

What corrective action can be taken when 

cylinder walls show some taper but not 

enough to warrant reboring or honing 

cylinders? , 
w f 

1. Fit the pistons with special compres- 
sion ^nd oil-control rings 

2. Refinish the cylinders 

3. Fit the pistons with additional piston 
rings 

4. Reduce the piston size 

The amount of taper and oval wear in a 
cylinder is measured with what instrument? 

1. Inside micrometer 

2. Special dial indicator 

3. Telescopic- gage and an outside 
micrometer 

4. Each of the above 



4-69. The mechanic should hone the glaze on the 
cylinder walls when new rings are being 
installed to enable the 

1. rings to seat slowly 

2. pistons to travel to TDC 

3. rings to seat quickly* | 

4. pistons to travel to BDC 



Learning Objective: Describe methods 
of fitting pistons , piston pins, and 
piston rings and cleaning pistons 
during a major overhaul. Textbook^ 
page's 5-32 through 5-35. 



4-70. A ridge around the upper cylinder wall 

must be reamed off to keep from damaging 
the piston and rings as they are removed 
through the top of the cylinder. 

4-71. In removing carbon deposits from a piston, 
the mecfianic should scrape the piston 
skirts to reduce wear on the cylinder 
wall. 

4-72. The fit of a piston in its cylinder is 
measured accurately by v means of a/an 

1. outside micrometer 

■ 2. piece of feeler stock and a spring 

• gage 

3. dial indicator * 

4-73*. Floating piston pins are fitted correctly 
when, at room temperature, slight thumb _ 
pressure is all* it takes to push them 
- through their bushings. 

4-74. If a cylinder is worn tapered, which 

diameter of the cylinder serves as th 4 e 
guide for fitting piston rings? 

•» 

1. Uppermost diameter . , 

2. Diameter that is halfway* between the 
top ancl bottom 

3. Diameter through the paint marking the 
lower limit of ring travel 

4. Diameter of the bottom 

4 

4-75. After a piston ring is installed in its 
proper groove, ring clearance is checked 
by inserting a feeler gage between the 
ring and .the bottom of the groove . 
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\ Assignment 5 

Electrical Systems and^fequipment and Diesel Fuel Systems " ' s / 

Textbook Assignment: Pages 6-1 through 7-7. 



5-6, 



5-1. 



5-2. 



5-3, 



5-4. 



5-5. 



Learning Objective: Explain the 
principles of operation for alter- 
nators, rectifiers, and regulators 
in an a.c. charging system. Text- 
book pages 6-1 through 6-3, 



Why is the alternator preferred over the 
conventional generator for supplying 
electrical current in present-day 
automotive equipment? 



5-7, 



1. 



Its usefulness in supplying current 
is 'limited only by its size 
It produces current that is fed to 
accessories without alternation 
Its larger size enables it to supply 
the additional power required 
It is small and can produce the * 
power required for; operating electri- 
cal accessories undea?* near ly all 
Conditions 



The stator has the same function as the 
armature in the d.c. generator, because , 
by rotating in caged ball bearings instead 
of bushings, longer bearing life is 
.obtained. 

Alternator system stators connected in a 
M Y" produce lower voltage and higher • 
current than delta-connected stators. 



5-8. 



What device enables an alternator to 
produce direct current? 



altternal 

' V 



In #the automotive alternator usinsi 
positive and negative silicon-dio^ 
rectifiers, how many rectifiers of each 
type are required?^ 

1. One positive and one nega&ive 

2. Two positive and one negative^. 

3. Two positive and two negative 

4. Three positive and three negative 

How can a mechanic identify the jpolarity 
of silicon-diodes that are notH(iarked 
with the plus or minus sign as shown in 
textbook figure 6-2? -A 



1. Copper or silver lettering 

2. Blue* or green lettering 

3. Black or red* lettering 

4. Brown or yellow lettering 



1 . Commutator 

2 . Rotor 

3. Rectifier bridge 

4 . Stator 

The composition of the silicon-diode 
rectifier permits current to flow in two 
directions at the same time. 



Which of the following is a type of A 
regulator for the electrical output of 
an alternator? 

"* ^ 

1. Transistorized 4 * 

2 . « Electromagnetic 

3. Each of the above * 



5-9. The transistor regulator can be adjusted 
internally by 

1. relocating a screw ii/the base of the 
regulator A 

2. turning a screw on/the potentiometer 

3. interchanging diode connections 

4. sliding the contacts of its resistors 



Learning Objective: Explain princi- 
ples and techniques of troubleshoot- 
ing the charging system. Textbook 
pages 6-4 through 6-9. 
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5-10. In troubleshooting a charging system, the 5-15. 
mechanic observes that the generator 
field coils are gounded externally* at 
the regulator. Wtiich type of field 
circuit will the mechanic be testing? 



1. "A" circuit only 

2*. "B" circuit only 

"A M or "B" circuit, depending on 
whether the"' system is positive or 
negative grounded 



5-16. 



5-11. 



0> 



The output polarity of a d.c. generator 
is determined by the 'polajrity of its 

1. "A" circuit 

2. "B" circuit 

3. permanent field pole piece 

4 . silicon-diode 



In answering items 5-12 through 5-21, 
which deal with troubleshooting a 
vehicle's charging system with a volt-ampere 
tester, refer to textbook figures 6-5 through 
6-8. 

5-12. Suppose that in the alternator output 

test, the ammeter scale indication stays 

at normal* while engine speed is increased 

slowly. Which component needs replace- 

, ment? 1 ■ 

\ 

? • \1. Alternator 

2. Battery 

3 . Regulator 

5-13. Assume that the 'ammeter shows no output 
at high voltage during a generator test 
and that the charging circuit is not fused 
at the regulator. Which component should 
be repaired Or replaced? 

> 

1. Field lead of the/ wiring harness 

2. Armature lead of the wiring harness 

3 . Regulator cutout relay 

4. Generator field winding 

5-14. When testing a 12-volt charging system, 

the mechanic measures the voltage output, 
getting a maximum voltmeter reading of ' 
15 volts. What is the probable cause of 
this output? 

1. Bl6wn fuse 

2. HShorted field wire o 

3. Grounded field 

4\ Defective regulator current limiter 
re lay 



5-17. 



-18 



5*19. 



5-20. 



You are testing a vehicle's voltage 
regulator. If the voltage output is too 
hi<5h or too low, which of the following 
troubles is indicated? 

1. Damaged regulator resistor 

2. Faulty regulator voltage limiter 

3. Burned regulator contacts 

4 . Each of the /above 

One purpose of measuring the resistance 
of a negative charging system circuit is 
to determine how much voltage is lost 
between the * 



5-21. 



1. 



2. 



3. 



generator output terminal and the* • 
negative battery" post 
generator housing and the positive 
battery post 

generator output terminal and the 
positive battery post or between the 
generator housing and the negative - 
battery post 



What condition contributes to voltage 
drop in a circuit? 

1. Open circuit 

2. Excessive resistance 

3. Low resistance 



"Excessive resistance in a vehicle's 
charging system can be due to 

1. an open circuit 

2. burned or oxidized cutout relay 
contacts only 

3. loose or corroded connections only 

4. busoed or oxidized cutout relay con- 
tacts>sand loose or corroded connec- 
tions. 

Measuring the resistance of an insulated 
circuit is a means of isolating the cause 
of excessive resistance in a vehicle's 
charging system. ' , 

If the voltmeter reading for the test of 
textbook figure 6-14 is greater than 0.1 
volt, there is too much resistance in the* 
ground circuit between the Regulator or 
generator. 

Assume the mechanic is measuring the 
resistance* of an insulated circuit in an 
a.c. charging system. With the engine 
running at 2./ 000 rpm," the mechanic should 
increase the load with the tester until 
the ammeter reading reaches 



1. 24 amperes 

2. 20 amperes 

3. 10 amperes 

4. 5 amperes 
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5-22. 



5-28. 



5-29. 



5-23. 



5-24. 



In a battery 'drain test", the ammeter 
scale reading is nonzero with all the 
vehicle's circuits turned off. This read- 
ing 'indicates a/an 

1. electrical short circuit 

2. electrical open circuit, 

3. blown ♦fuse 

^. corroded battery ground post 



< > 

Learning Objective: Identify the 
procedures of troubleshooting with 
an analyzer/ Textbook pages 6-11 
through 6-12. * 



A single nonconducting dfiode in an alter- 
nator system/tnay"be detected by using a/ an 

/ 5-30. 

1. voltmeter 

i. "analyzer screen 

3. ammeter t 

4, microfarad meter 

When using the bypass device (figure 6-18) 
to test a charging 'system, what step * 
must you take? 



5-25. 



1/ Operate the engine at idle 

2. Race the engine briefly 

3. Operate the engine at high speeci for 
1 minute 

4. Bring the alternator to rated output 

A shorted diode reduces the output and 
also opposes the next pulse. 

5-26. A weak diode may be detected on the analy- 
zer screen by a* consistent high and low 
peak, * 

5-27. Shorted* windings and shorted diodes pro- 
duce distinctly different patterns on an 
analyzer screen. x 



Learning Objective ^ Explain princi- 
ples and techniques of troubleshoot- 
ing the starter system. Otextbook 
pages 6-13 through 6-18, 



In answering items 5-28 through 5-36, 
which deal with troubleshooting a vehicle* s 
starting system with a battery starter tester, 
refer to textbook figures 6-23 through 6-27. 



\ 

When the battery starter tester is used 
for a quick overall test of a 12-volt 
starting* system, which test is performed? 

1. Battery §tarter < 

2. Starting motor current draw 

3. Cranking voltage 

4. Battery switch 

Assume a vehicle is equipped with a 24- 
volt series-parallel starting system. 
Which of the following voltmeter readings 
is considered wAfchin normal limits for a 
cranking " voltage* test ? p 

1. ' 3>o-volts 

2. -16 volts 
" 3. 14 volts 

4. 12 volts 

Which of the following is tested if the 
cranking voltage for a i2-volt system 
is 8 volts? 

XL Battery capacity 

2«.\ Starter cranking current 

3. Starter circuits 

• 4. Each of the above : 

In a starting^ motor current draw test, 
the cranking speed of the motor ds low 
and the current draw £s normal. Oheck the 

1. battery capacity v k 

2. starting circuit resistance , v 

3. starting motor cranking current 

In tests-wherfc the engine is cranked 
with the ignition on, you must keep the 
engine- from starting by connecting -a 
jumper lead .between the 



1. battery poqts 

2. starting motor terminal and negative 
post of the battery 

3. secondary terminal of the coil and 
•ground 

4. primary terminal of the colT and 
1 ground 

5-33, A starter insulated circuit resistance, 
test, is being performed op~-a\12-volt 
starting system. The voltage "loss in each 
of the circuits shown in vjews l^B, and C, 
( of textbook figure 6-25 should NC 



5-31. 



5-32. 



1. 0.2 volt, 0.3 volt, and 0.4 volt, 
respectively 

2. 0.4 volt, 0.3 volt, and 0.1 volt, 
respectively 

3. 0.6 volt, 0.5 volt, and 0.4 volt, 
respectively 

4. 0.2 volt, 0.3 volt, and 0.2 volt, 
'respectively v - 
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5-34. What is usually indicated during a 

starter ground circuit resistance test 
if the measured voltage ljjjss exceeds 0.2 
* " volt or the loss given by the manufac- 
turer's specifications? * 
* 

1. Loose connection 

2. Ground cable too small to carry the 
current u , 

3. Dirty or corroded connection 

4. Each of the above 



5-40. Which component is connected across the 
primary windings,jo€«the_ coil iri a capac- 



5-35. 



5-36. 



5-37. 



5-39. 



5-39. 



High resistance in the circuit of the 
solenoid switch will-, in most cases, 
result in increasing the current flow in 
the starter motor circuit. 

A voltage loss of more than 1 volt, as 
measured in a solenoid switch circuit • 
resistance test, is a sure sign of too 
much resistance. 



Learning Objective: Describe the 
operating principles of the tran- 
sistor, capacitor discharge, elec- 
tronic, and unitized ignition 
systems. 'Textbook pages ©-18 % 
through 6-22. 



At high *engine speeds, which of the fol- 
lowing drawbacks of the conventional 
ignition system is overcome by the tran- 
sistorized ignition system (breaker point 
type) ? , 

1. Incomplete saturation of the ignition 
coil only 

2. Arcing across breaker points only 

3. Incomplete saturation of the ignition 
coil and arcing across breaker points 

Which of the following is a component of 
the magnetic^pulse transistor ignition 
system, replacing the breaker plate 
assembly of the conventional ignition 
system? 

1. Iron timer core * . . % 

2. Magnetic pickup assembly 

3. Ignition pulse amplifier 

4. Reluctor 

One function of the transistors in the 
amplifier of the magnetic-pulse transis- 
tor ignition system is to 

1. control current flowing between the 
coil primary and ground 

2. desatusate the ignition coil 

3. eliminate arcing across the breaker 
points ; 



itor discharge system to help assure 
-secondary voltage output during high 
engine speeds? , 

1. Ignition pulse amplifier 

2. High-voltage condenser 

3. * PicKup coil 

4. Electronic control unit 

5-41.* Of the following ignition system compos 
nents, which is to be found in a conven- 
tional system, %s well as in an elec- 
tronic (Chrysler) system? 

1. Pickup coil 

2. '\ Ignition coil 

3 . \ Reluctor 

4 . Condenser 

5-42. Chrysler electronic ignition uses a 
magnetic pickup coil and a rotating 
reluctor to replace the 

1 . cam and rubbing block 

2 . condensor 

3. primary coil 

4. rotor 

5-43. During starting, the compensating ballast 
resistor of the Chrysler electronic 
ignition system increases voltage to the 
electronic module. 

- £-44. To adjust the airgap, you aline a reluc- , 
tor tooth with the pickup coil tooth. 
Use a nonmagnetic gage '0.002 larger than 4 
specified to obtain a clearance of 

1. go-no-go 4 ' 

2. loose „ * 

3. tight 

4. 0.002 '* * 

5-45. The purpose of the carburetor switch, in 
the lean burn ignition system is to 

1- measure incoming fresh air temperature 

2. signal the comi&ter for more vacuum 

3. signal the computer a new throttle 
plate position 

4 . tell the computer the engine is at 
idle or off idle 

** 

5-46. Induced voltage signals the electronic 
module of a unitized ignition system 
to interrupt the primary circuit. 

5-47. When the timer core teeth aline with the 
pole piece of the HEI system, a voltage 
pulse is induced in the pickup winding. 
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5-48. A shorter spark duration is effective in 
firing lean or exhaust gas recirculation 
diluted fu e l/air mixtur e s. — } 



5-55. 



5-49. 



system. 



Learning Objective: Explain, prin- 
ciples and techniques of trouble- 
shooting the conventional ignition 
system. Textbook pages 6-22 through 
6-25. 



In troubleshooting ^ conventional igni- 
tion system, the mechanic tests the, 
primary and secondary circuits separately. 

Items 5-50 through 5-54 relate to trouble- 
shooting the conventional 12-volt ignition 



5-56. 



5-50. 



5^51. 



5-52. 



5-53. 



5-54. 



What should be the range of the voltmeter 
reading for an ignition switch in good 
condition (engine not running)? 



5-57. 



1. 
2. 
3. 
4. 



9.0 
7.0 
5.5 
5.0 



/ 

to 11.3 
to 9.5 
to 7.0 
to 7.5 



In troubleshooting, which of the following 
are secondary circuit checkpoints? 

1. Both coil terminals 

2. Distributor contact points 

3. Spark plugs 

During secondary circuit testing, a spark 
plug cable resistance exceeds the manu- 
facturer 1 s, recommended specifications . 
What causes this condition? 

1. An unseated cable at the distributor 
cap tower 

2. -Spark plug cable damage - 

3. A defective spark plug connector 

4. Each of the above 

To "test the secondary circuit of an 
ignition coil, the mechanic uses the low 
scale of an ohmmeter. 

The mechanic gets a reading of 3,000 ohms 
when checking the secondary side of an 
ignition coil. This reading is an 
indication of 

1. an open secondary circuit 

2. < a bad connection at either coil 

terminal 

3. a short in the secondary turns of the 
coil 

4. a good coil 



5-58. 



5-59. 



The mechanic must^be careful when check- 
ing electronic components Q f the break- 

—erleta igriirtjronrsystem~8in"ce they ar e 

easily damaged by heat, shock, or reverse 
polarity. 

While troubleshooting the breakerless 
transistor ignition system, the mechanic 
does not see a spark jump between the 
spark plug cable and the spark plug * 
terminal, in sequence, what two compo- 
nents should be tested? 

1. Ignition pulse transistor and ignition 
coil 

2. Ignition coil and ignition pulse 
amplifier 

3. Ignition coil and transistor 

4. Transistor and ignition"coil 

In troubleshooting a breakerless ignition 
system distributor, the mechanic attaches 
one lead of his ohmmeter to one terminal 
on the distributor connector, and grounds 
the other ohmmeter lead. After opening 
the vacuum source to the distributor, the 
mechanic gets a finite ohmmeter reading. 
This reading indicates a/an 

1. • opening winding 

2. defective pickup coil 

3. worn center contact button 



Learning Objective: Describe prin- 
ciples of troubleshooting fcnd 
testing the injector pumps and 
capsule-type injector valves of 
the Caterpillar fuel injection 
system. Textbook pages 7-1 
through 7-7. 



The function of the capsule-type valve 
assembly of rthe Caterpillar fuel injec- 
tion system is to 

t 

1. time the delivery of fuel 

2. meter the fuel 

3. inject and atomize the fuel 

4. pressurize the system 

To check engine performance for faulty 
fuel injection, you operate the engine 
at a speed 'that .accentuates the fault. 
The next step is to try to get the cylin- 
ders to misfire by 

1. preventing spark from reaching each 
cylinder 

2. loosening the .fuel line nut on each 
injector pump' j 

3. cutting off the Ignition switch 

4. enriching the fuel supply to each 
cylinder 
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5-60. An injector pump should perform properly 
throughout the full range of rack travel 
^-J- when-«et~ within— 0- ^Q25^-i nch- of th e— £uU — , 



5-61. 



5-6^. 



5-63. 



load setting of the engine. 

Before proceeding with the final stage 
in testing a Caterpillar fuel injector 
pump, the mechanic must remember to 

1. siphon fuel from the pump into the 
collector jar 

2. bleed air from the pump and collector 
assembly 

3. inspect the injector screen filter 
before attaching the collector 
assembly 

After testing an injector pump, you see 
that the fuel level in the collector jar 
is above the good range. In what condi- 
tion is the pump? j 



1. 
2. 



4. 



Its plunger and barrel are worn 
Its discharge capacity is below 
normal 

„ Its discharge measurement is not 
* accurate 
It is good as new 



The fuel injection test apparatus allows 
the mechanic to make which of the follow- 
ing checks on the capsule-type fuel 
injection valves? 

1. Leakage rate 

2. Spray characteristics 

3. Valve opening pressure 

4. All of the above 



5-67. The compact injection pump plungers com- 
plete a full stroke at»whiqb of the 
following-speeds ? 



1. Idle only * 

2. Fast idle only 

3. Governed speed only 

4. Idle, fast idle, and governed speed 

5-68. Operating oil pressure has to react on 
the speed limiter before the compact 
governor control can be moved to high 
idle. 

5-69. Which of the following faults does NOT 
cause a smoky exhaust? 

1. Lack of air 

2. Lack of fuel 
3- Overloading 

4. Lack of compression 

5-70. The sleeve position in the Caterpillar 

sleeve metering fuel system is controlled 
by the 

1 . plunger 

2 . barrel 

3. priming pump 

4. governor 

5-71. Sleeve metering injection begins when the 
rotation of the camshaft lifts the 
plunger far enough into the barrel to 
close the fuel inlet. 

5-72. The reverse flow check valve in the 
pump is closed by 



5-64. An injector office damaged when carbon 

deposits are wirebrushed from an injector 
valve could result in 

1. precombustion 

2. reduced power output 

3. improved fuel atomization 

4. no valve opening pressure 

5-65. fro be satisfactory, the injector valve 
opening pressure (as read on the tes^\ 
gage) should fall between / 



1 . compres s ion 

2. spring pressure 

3. residual pressure 

4. cam action 

5-73. The volume of fuel injected is equal to 

t£e displacement of the plunger lift into 
the barrel between start and end of 
in j ecti on . 

5-74. Most fuel problems may be traced to which 
^of the following causes? 



5-66. 



1. 100 and 200 psi 

2. 200 and 300 psi 

3. 30D £nd 400 psi ' 

4. 400 and 800 psi 

The Caterpillar compact fuel system 
transfer pump delivers fuel to the 

1. injection valve 

2. filter 

3 . capsule • 

4. manifold 



1. Dirty fuel filters only 

2. Broken fuel line only 

3. Poor quality fuel only 

4. Dirty fuel filters , a broken fuel 
line, and poor quality fuel 

5-75. The Caterpillar sleeve metering system 
with injection pumps for each cylinder 
requires frequent balancing 
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Assignment 6 



Diesel Fuel Systems . ♦ 

Textbook Assignment: -Pages 7-7 through 7-32 



c 



Learning Objective: Explain the 
procedure's for troubleshooting, 
disassembling, inspecting, and 
reassembling the Roosa Master, 
Bosch fuel injection pumps' and 
the International Harvester or 
Bosch fuel injector. Textbook 
pages 7-7 through 7-16. 



In items 6-1 through 6-8, select 
the problem that is likely to be 
condition in column A. 



A. Conditions 

6-}. Hand primer installed 
backwards 

6-2. Throttle arm travel 
not sufficient 

6-3. Pump housing not 
full of fuel 

6-4. One or more connec- 
tor screws obstructed 

6-5. .Tank valve closed 

6-6.. Governor linkage , 
broken 

6-7. Fuel line leaking 
or connected to 
wrong cylinder 

6-8. Governor spring worn 
,or broken * 



B. 
1. 

2. 

3. 



from column B 
caused by the 



Problems 



Engine idles 
imperfectly 

Engine starts 
hard 

Fuel not 
reaching pump 

Fuel reaching 
nozzles, but 
engine will 
not start' 



6-10. 



6-11. 



6-12. 



6-13. 



'6-14 . 



6-15. 



6-9. Pump test readings should be taken under 
low-ixJle, high*-load conditions. 



During testing of the transfer pump, 
which of the following conditibns will 
NOT cause a low-pressure reading on 
the test gage? 

1. Air leaks on the suction side of the 
pump 

2. A restricted fuel return line 

3. A malfunctioning regulator valve 

4. Worn transfer pump blades 

In testing for a restricted fuel supply 
on the suction side of the pump, the 
mechanic operates the engine at high 
idle. I 

During pump cleaning and inspection, it 
is NOT necessary to check for 

1. distorted or damaged 0-rings, seals, 
and gaskets 

2. worn, distorted, or broken springs 

3. opening pressure of the spray valve 

4. damaged bores, grooves, and seal 
seats 

What is/are the features of the American 
Bosch fuel injection pump used on the 
multifuel engine? 

1 . Sleeve-controlled 

2. Constant-stroke 

3 . Distributing-plunger 

4. All of the above 

Fuels used in the muitifuel engine pump* 
require no special qualities. 

The American Bosch Model PSB fuel supply 
pump is what type? 

1. Centrifugal 

2. Positive displacement 

3 . Diaphragm 
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6-16. The mechanical centrifugal advance unit 
provides how much advance timing? 

1. 22 1/2* 

2. 18° 

3. 17 1/2* 

4. 4* 

6-17. Component parts are interchangeable 

between the American Bosch and Robert 
Bosch nozzles. 

6-18. The groove in the top face of the nozzle 
valve body is referred to as t 

1 . helix ■ * 

2. orifice 

3 . annular ,\ 

6-19. Assume you are using the test pump of 

textbook figures 7-22 to check the spray 
valve-opening pressure. The opening 
pressure specified for the check valve 
is 200 psi. Which of the following.' read- 
ings of the spray valve-opening pressure 
indicates a bad check valve or seat?" 

1- 195 psi 

2. 180 psi 

3. 160 psi 
* ^4. 140 psi 

6-20. Before being installed in the engine, a 
nozzle is retested for which of the 
following defects? 

1 . Leakage 

2. < Spray angle and pattern 

3. Valve-opening pressure 

4. Each of the above 



3 

6-23. 



6-24. 



Suppose an engine lacks power, runs 
unevenly, or stalls at idle even after 
its fuel pump is reconditioned. What 
should you suspect? 

1. Restricted fueJL flow 

2. Faulty injector 

3. Excessive vacuum pressure 

4. Dirty fuel filter 

» 

The mechanic should allow to remain in 
service a GM injector that passes all 
but one of its pressure tests. 



In answering items 6-25 through 6-28, select 
from column B the injector test that corresponds 
with the purpose in column A. 



A. Purposes 

6-25. Measure the pressure 
at which the valve 
opens and injection 
begins 

6-26. Determine whether 
fuel leaks at the 
injector filter cap 
gaskets, body plugs, 
v and nut seal ring 



B. Injector Tests 
v 

1 . Valve-opening 
pressure test 

\ 

2. Valve-holding 
pressure test 

3 . High-pressure 
test 



6-27. 



6-28'. 



Determine whether 
the injector plunger 
and busning clearance 
is satisfactory 

Determine whether 
lapped surfaces in the 
injector are sealing properly 



Learning* Objective: Describe pro- 
cedures for troubleshooting, 
testing, disassembling, inspecting 
and reasssembling General Motors 
fuel unit injectors. Textbook 
pages 7-17 through 7-21. 



6-21. In troubleshooting the GM fuel system, 
you learn that the fuel pump is not 
functioning satisfactorily. Before - 
removing the* fuel pump, you should make 
sure of which of the following conditions? 

1. There is fuel in the tank 

2. The filter .cover bolt is tight 

3. The fuel supply valve is open 

4. All of the above 

6-22. A likely cause of a sticking relief valve 
in the fuel pump is grit or foreign matter 
lodged between the relief valve and its 
seat or bore. \ 



6-29. Which of the valve-opening pressure 

readings given below is within- the speci- 
fied limits for the needle valve injector? 

1. 450 psi 

2 . 800 psi 

3. 3000 psi 

4. 4000 psi 

6-30. During the valve-holding pressure test 
of an injector, the opening pressure 
drops from 450 psi to 250 psi in 50 
seconds. The drop rate is an indication 
of a/an 

leak due to poor bushing-to-body fit 
leaking valve assembly due to a 

amaged surface or dirt > 
lV>ose filter cap gasket ^ 
injector whose lapped surfaces are 
sealing properly 
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6-31. During a high-pressure test, the condi- 
\±on of the injector plunger and bushing 
is determined at the 1 time both ports 
close, the injector spray decreases, and 
the pressure rises ^ 

$h32*. During which of the following tests are 
the plunger bottom helix and the lower 
portion of the upper helix checked 
visually? 

1. Spray pattern test 

2. Injector control rack and plunger 
movement test 

3. High-pressure test * 

4. Fuel output test 

6-33. Which device should the mechanic use to 
determine whether the fuel output of a 
GM injector falls within the manufactur- 
er^ recommended limits? 

1. Fuel pump and fuel collector assembly 

2. GM injector tester 

3 . Comparator 

6-34. The GM injector spray tip is normally 
soaked in solvent for approximately 15 
" minutes to loosen the 

1. dirt on^the outside of the tip for 
**- easy cleaning 

*2 . carbon on tKe inside of the tip 
prior to reaming 

3. carbon on both the outside and , 
_ " inside of the tip before disassembly 

Learning Objective: Explain the 
procedures for troubleshooting, 
disassembling, inspecting, reasem- 
bling, and testing the Cummins 
pressure- timed fuel injection 
system. Textbook pages 7-22 
through 7-25. 



6-35. When troubleshooting a PT fuel system, 
' how can the mechanic often eliminate the 

pump as a source of trouble? 

1. By checking the suction side of the 
— pump for-proper vacuum 

2. By running the engine at low speed 
throughout the full range of rack 
travel and observing fuel delivery 

3. By adjusting the high idle stop screw 
until the specified high idle speed 

' is obtained \ 

4. By checking manifold pressure to see 
that 'it ^s within specified limits 



6-36. While troubleshooting the PT fuel pump on 
an engine, when should the mechanic 
measure manifold pressure? 

1. Just before \he governor cuts in 

2. Just after the governor cuts in 

• 3. When maximum engine speed is reached t 

i 

6-37. When making both manifold and suction 

pressure checks, why should the mechanic 
operate the engine a minimum of 5 minutes 
between checks? 

1. To clear the gages of excess fuel 

2. To clear the pump of any restrictions 

3. To clear the fuel system of air 

4. To create a lag in the fuel .system 
so that the gages will readjust 

6-38. Engine power loss can result .from carbon- 
ing of the PT injector metering orifices. 
How can the carbon be removed? 

1. Soaking the injector in a clean 
solvent 

2. Wire brushing 

3. Smoothing with emery cloth 

4. Reverse flushing while the engine 
is warm 

\ 

6-39. What device on the PT fuei system of 
a turbocharged Cummins engine aids in 
control ling engine smoke level? 
♦ 

1. Smoke arrester 

2. Catalytic converter 

3 . Aneroid 

4 . Scavenging blower 

6-40. The mechanic should try to determine 
which parts of a -PT fuel pump have to 
be replaced before disassembling it. 

6-41.' All component parts of the PT fuel pump 

must be replaced if a disassembly inspec- 
tion shows that some of them are worn. 

6-42. The mechanic uses which of the following 
means to prevent goring o£ the PT fuel 
pump and pump parts in reassembly? 

1. Spring steel lockwashers 

2. Flat steel washers 

3. Extreme pressure lubricant 

4 . Torque wrench 

6-43. The test stand of textbook figure 7-30 

enables the mechanic to simulate operation 
of the PT fuel pump and measure pressure 
that the pump develops. 

\ 



) 
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6-44. 



6-45. 



6-46. 



6-47. 



6-48, 



Suppose while being tested a PT fuel pump 
fails »to develop specified manifold pres- 
sure . Which of the following conditions 
could contribute to the failure? 

X. Air leak in the suction line 

2. CXosed valve in suction line 

3. Fuel oil temperature higher than 100°F 

4. Each of the above 

You are trying to find maximum manifold 
pressure at full throttle of a newly 
rebuilt PT fuel pump. With the pump 
running at 1,500 rpm, you should turn 
the 

1- rear throttle stop screw 

2 . shims under the idle spring 

3. idle spring to a new position 

4. idle speed screw until the idle 
spring is compressed 

After the PT fuel pump idle speed is set, 
the mechanic can change its idle pressure 
by 

1. adding or removing shims f rom ,the 
idle spring 

2. turning the idle speed screw 

3. turning the throttle screws 

4. locking the throttle in the shutoff 
position 

The amount of fuel that a PT injector 
delivers to .the combustion chamber will 
be affected by which of the following 
changes? 



6-50. 



6-51. 



6-52. 



1-. 
2. 
3. 
4-. 



The fuel pressure * « 

The size or shape of injector orifices 

Timing 

Each of 1 the above 



i Which of the following is a bad practice 
in servicing a PT fuel injector? 



1 / Plugging the inlet and drain connec- 
tion holes of the injector before 
mounting on the test stand 

2. Cleaning injector orifices with wire 

3. Dipping a , solvent-cleaned injector 
into mineral spirits 

4. Inserting a new gasket between the 
~~ cup and" faddy crf tTfe injector Surfng" 

assembly 

6-49. With the fuel flowing upward through the 
cup spray holes', what is the maximum pres- 
sure applied to check plunger clearance? 

1 . 500 psi 

2. 1,000 psi 

3. 1,500 psi 

4 . 2,000 psi t 



6-54. 



6-55. 



To obtain a positive injector plunger set 
in the injector cup, the plunger and cup 
are to be lapped. 



Learning Objective: Point out the 1 
procedures forsjremoving, disassem- 
bling, inspecting, and reassembling 
air induction system blowers, 
superchargers, and turbochargers. 
Textbook pages 7-26 through 7-32. 

Superchargers and turbochargers pump 1 
a greater^amotuvt of air into an engine 
than could be supplied by normal atmos- 
pheric pressure . What is the effect 
on fuel consumption and power? 



1. 


More fuel 
decreased 


is* 


burned, 


power 


is 




2. 


Less fuel 
decreased 


is 


burned, 


power 


is 




3. 


More fuel 
increased 


is 


burned, 


power 


is 




4. 


Less fuel 
increased 


is 


burned, 


pdwer 


is 





What component, if any, must be removed 
before a blower- equipped air induction 
system can be inspected? " \ 

1. Air inlet housing or air silencer 

2. Flywheel housing ■ > 

3. Freshwater pump 

4 . None 

1 

~^>tlppot m --Uiu-xulorxuQf a b l ow e r a r e >ur.g_e_ d~ 
but not too badly scored. What should^ 
the mechanic do in case the burrs inter- 
fere with operation of the blower? 

1. Dress down the rotors after removing 
the blower from the engine 

2. Dress down the rotors without removing 
the blower from the engine 

? i PwiAutu the blower from the engine and 
replace the rotors 

In removing parts from rotor shafts, a 
mechanic should keep from damaging the 
blower rotors by pulling the blower drive, 

driven gears^ and timing gears at the 

same time. 

jAfter washing a blower ball, bearing with 
cleaning solvent, the mechanic cleans the 
balls and races of the bearing by 

1. spinning them dry with compressed air 

2. directing air through the* "bearing and 
rotating it by hand 

3. wiping them with a clean cloth 
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In items 6-56 through 6-59i#match the blower 
condition in column A by selecting from column 
B the cause of the condition. 



A. Conditions 

6-56. Inside surface of . 
the 'blower housing 
covered with oil 
i 

6-57. Rotor lobes rub- 
bing throughout 
their entire 
length 

6-58. Liquid on air box 
floor 

6-59". Scoring between 

rotors and blower 
housing 



B. 



Causes 



1. Plugged drain 
tube 

2. Loose rotor 
shafts or dam- 
aged bearings 



Leaking seal 

Excessive back- 
lash in blower 
timing ^gears 



6-60. 



The mechanic replaces which of the fol- 
lowing worn or damaged blower parts as 
, a matched set? 



1. 
2. 
3. 
4. 



Oil seals 
Double-row bearing 
Timing gears 
End plates % 



*6-61. 



6-62- 



The mechanic should replace blower parts 
that an inspection shows to be worn or 
excessively damaged. j 

When is it considered necessary to change 
supercharger seals? 



6-64. Under which of the following conditions 

is the drive coupling of the supercharger 
replaced? 

1. Coupling pins are worn 

2. Hub surface is grooved 

3. Rotors and gears are not within the 
required tolerance s 

6-65. When, if ever, should engine lubricating 
oil be added to the gear end plate of a 
supercharger that is being reconditioned? 

1. After it is completely reassembled 
but before it is installed on the 
engine * 

2. After it is completely reassembled 
and installed.on the engine 

3. Never 

6-66. Which of the following conditions can 
cause the thrust and journal bearings 
of a supercharger to overheat? 

1. Foreign particles in the exhaust 
system 

2. /&ot enough lubricating oil 

3. Foreign matter in the air induction 
system 

6-67. Under which of the following conditions 
can contaminated oil damage a turbo- 
charger because the oil filter is 
bypassed?* 

1. Oil filter is clogged/ ^ 
2L. Turbocharger lubrication valve is 
open 

T: — F ilter bypass " vdlvU ii> malluncti o nm g- 

4. Each of the above 



1. "Only when "wet" oil appears at the 

ends of the rotors 

2. Only when "wet" oil appears at the 
ends of the supercharger outlet 
connectors 

3. * Only when oil from the vapor tube 

shows on the rotors 

4. At any time oil appears inside the 
supercharger housing 

t 

6-63. What should a mechanic do in case the 

rotors, rotor shafts, and end plates of 
a supercharger are cracked or. broken? * 



1. 



3. 



Discard the su^fl:h^fge~r^ndrrel>race ~ 
with a _ new "one ~ ~ 

Replace only the rotors and .shafts; 
repair the end plates 
Replace the damaged part^ separately, 
except for the rotors and shafts 
which are, replaced as a matched set 



6-68. A mechanic can help prevent damage to the 
rotary parts of a turbocharger by cleaning 
thoroughly the inlet and the exhaust sys- 
tems of the engine. I 

6-69. By what means should a mechanic remove 

carbon deposits that still remain, on 

turbocharger parts after they have 
soaked in mineral spirits? 

1. Steam 

2. Wire brush * 

- -3~ -Soft bristle brush - 

— 4. Compressed air 

6-70. What part, if damaged, may require 

replacement of the main turbocharger 
main casing? ^ 

1. Exhaust casing 

2. Turbine casing 

3. Floating bearing 
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6-71. The oil seal plates of *a turbocharger are 
replaced often since they wear;ojit fast. 

6-72. The rotor assembly of a turbocharger must 
be^rebalanced- when which- of the following 
parts are replaced? 

1. Turbine wheel and shaft 

2. Sleeve and compressor wheel 

3. Thrust washer and locknut 

4. All of the above 



6-73. In mounting the turbocharger, the 

mechanic can make sure it is in the 
proper operating position on the engine 
by locating the 

1. air inlet to the right of the turbo- 
• charger vertical centerline r 

2. air inlet to the left of the turbo- 
charger vertical centerline " * 

3. oil outlet 45° ot more below the 
turbocharger horizontal centerline 

4. oil outlet 45° or more above the 
turbocharger horizontal centerline 




37 



ERIC 



3;; 



Assignment 7 



Vehicles Inspections and Power Trains/ Automatic Transmissions 
Textbook Assignment: Pages 8-1 through 9-5. 



7-1. 



7-2. 



Learning Objective: Recognize forms* 
and instructions used§JSft.th vehicle 
inspection. Textbook pages 8-1 and 



8-2. 



~ 7-5 . How many clearance Lamps does the ICC 
prescribe as the minimum for a truck 
82 inches wide, weighing 3,500 pounds? 

1. Six w 

2. Two ^ 

3 . Twelve 

4. Four 



As a PW inspector, you will complete a 
Shop Repair Order oh each unit inspected. 
Instructions for completing this form are 
contained in 



1. 
2. 
3. 
4. 



NAVFAC P-300 
NAVFAC P-306 
NAVFAC P-404 
NAVFAC P-437 



7-6. What factors are headlights tested for? " 

1. Beam width and remaining life 

2. Output, beam deflection, and hotspot 
diameter 

3. Remaining life and brightness „ 

4. Candlepower, aim, and focus 



7-7*. 



In addition to the CQMCBPAC/ COMCBLANT 
11200.1 Instructions, an NMCB vehicle- 
inspector must be thoroughly familiar with 

1. NAVFAC P,-238 

2. NAVFAC P-404 

3. NAVFAC P-405 : 

4. NAVFAC P-437 



Learning Objective: Identify funda- 
mentals of inspecting the lighting 
equipment of vehicles. Textbook 
pages 8-1 through 8-8. , 

-3. The lights of a vehicle are among the „ 
items that should, be inspected during a 
regularly scheduled PM for the vehicle. 

, 7-4* Identification lights are usually required 
^ o^jr which the following vehicles?* 

1. Station wagons 

2. Staff sedans 

3. 1/2-ton pickups 

4 . 5-ton vans 



Suppose object A is 150 feet ahead of 
your jeep, object B is 300 feet ahead, 
and object C is 600 feet ahead. Which 
object or objects must you be able to see 
at night with properly adjusted headlights? 



1. 
2. 
3. 



A only 

A and B only 
A, B, and C 



0 When answering items 7-8 throifgh 7-10, 
assume that you are using the screen of 
textbook figure 8-2 to aim the headlights at a 
passenger vehicle equipped with the two- headlight 
system. 

7-8. If the headlamp centers of the vehicle are 
28 inches above the ground, what should 
be the height of the horizontal reference 
line on the screen? 



1. 
2. 
3. 
4. 



23 itfT* 

25 in. 
28 in. 
31 in. 
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7-9. How far should the screen be in front 
of the headlights? 

1. 3 ft 

2. 10 ft * 

3. 12 ft 

4. 25 ft 

7-10*. The distance between'the lamp centers 
should be equal to 

1. the distance between the floor and 
* headlamp level on the screen 

2. one-half the distance between the 
vehicle "axis line and one of the 
other Vertical lines on the screen 

3. the distance between the vehicle axis 
£ine and one of the other vertical 
lines on the screen 

4. twice the distance between the vehicle 
axis line and one of the vertical 
lines on the screed 

7-11. Refer to textbook figure 8-3. When aiming 
passenger vehicle headlights at the 
screen, how should you center the hot spot 
of the right-hand lamp? 

1. Sideways on line C-C, up and down 
the vehicle axis 

2. ^ 2 inches below the left-hand lamp 
hot spot 

3. Sideways on- line C-C, up. and down on 
line A-A 

4. Sideways on line B-B, up and down on 
, line A-A 

7-12* The headlight centers of an unloaded 

truck are 30 inches above the ground and 
the bright beams show on the test screen 
across a horizontal line 35 inches above 
the ground. How, if at all, should the 
headlamps be adjusted? 

1. Lower the beams 5 inches 

2. Lower the beams 8 inches 

3. Lower the beams 10 inches 
4.. Make no adjustment 

7-13. With the aid of a screen, you are aiming 
the headlights of a vehicle equipped with 
a four-headlight system. The position of 
the" screen of the lift edge of the hot spot 
of the outboard low beam should be * 
between , 

1. straight ahead and 6 inches left^ 
.straight ahead 

2. 3 inches left of "straight ahead and 
3 inches right of straight ahead 

3. straight ahead and 6 inches right of 
* straight ahead 



7-14. 



7-15. 



7-16. 



7-17. 



7-18. 



Which of the following steps must the 
mechanic take to measure the candlepower 
of the headlight beam? 

1. Cepter the hotspot of the light beam 
on the vertical line 

2. Position the photocell to touch the 
glass holding the screen 

3. Raise and lower the photocell to get 
the highest reading on the output 
meter 

4. ^ All of the above 

At night, Patrolman A is stationed along 
a road 150 feet behind your jeep; 
Patrolman B is 300 feet behinS^Vour jeep, 
and Patrolman C is 450 feet befiind your 
jeep. Which of the patrolmen should be 
able to see your illuminated taillights? 

1. A only 

2. A and B only 

3. A, B, and C 

Night Patrolman A is stationed along a 
road 30 feet behind your jeep; Patrolman 
B is 60 feet behind your jeep, and 
Patrolman C is 90 feet behind your jeep. 
Which of the patrolmen should be able to 
read your illuminated license plate? 



1. 
2. 
3. 



A only 
A^an'd B only 
and C 



A>fi, 



Patrolman A is 75 feet in front of your 
truck; Patrolman B is 150 feet in front; 
Patrolman C is 90 feet to the rear of 
your truck, and Patrolman D i^l&O feet 
to the rear. Which of these patrolmen 
should be able to see your illuminated 
directional signals? 

1. A only 

2. A and B only 

3. A and C only 

4. A, B, C, and D 

What is the minimum distance from the 
ground at which a directional signal unit 
may be mounted on the rear of a large 
truck? 

1. 1 ft 

2. , 1 1/2 ft 

3. 2 ft 

4. 2 1/2 f# 
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7-19. 



7-20. 



7-21. 



The signals that show the widest dimen- » 
sion of a truck are called 

K 

1. side-marker lamps 

2. identification lamps 

3. clearance lamps 

4. reflector flares 

The signals that indicate the longest > 
dimension of a trtic^k are called 

1. side-marker lamps 

2. identification lamps 

3. clearance lamps 

4. reflector flares 

At which of these heights may a reflector 
be mounted on the back of a truck? 



7-25. 



7-22. 



7-23. 



7-24. 



1. 
2. 
3f 
4. 



12 in. 
36 in. 
48 in. 
60* in. 



Learning Objective: Specify the 
principles of inspecting vehicle 
brakes and brake systems. Text- 
book pages 8-9 through 8-19. 

^ — : • 

At a speed of 60 mph, approximately how 
many feet does a vehicle travel between 
the time its driver sees a need for 
braking and the time brake pressure is 
first applied? 

1. 44 ft 

2. 55 ft 

3. 88 ft • 

4. 186 ft 

Which of the following sets of readings 
on the gages of a brake-testing machine 
indicates satisfactory brake adjustment? 

1. 925, 1250, 1225, 1075 

2. 1325, 1450, 1025, 1075 

3. 1200, 1225, 1175, 1175 

4. 1150, 1200,. 1275, 1150 

When a vehicle's brakes are tested by the 
marked line method, the braking distance 
is measured from the line to the , 

l v rear of the vehicle 

2. front of the vehicle 

3. center of the* vehicle 

4. driver's seat of the vehicle 



7-26. 



When the pedal of a hydraulic brake "system 
is pressed down, it creeps slowly downward 
after about a minute. This condition 
could be caused by 

1. a weakened brakeshoe retracting spring 

2. a completely severed brake hose 

3. a leaking wheel cylinder 

4. ill-fitting brakeshoes 

Slightly put-of -round brakedrums may be 
made true by using a 



1. boring mill 

2. lathe 
3 

4. router 



drum sander^ 



7-27. 



Which of the following brake troubles is 
least likely to occur ,on a Navy truck? 

1. Worn brakedrum 

2. Out-of -round brakedrum 

3. Wrong lining material 

4. Greasy brake^ livings 



Items 7-28 through .7-31 are related to the 
standard hydraulic brake system. Select from 
column fi. the Jpossible remedy for the malfunction 
in column A. 



Malfunctions 



7-28. Pulsating brake 
pedal ' 

7-29. Springy i spongy 
pedal 

7-30. Brakes chatter 

7-31. Vehicle pulls 
to one side 



B. Possible 
Remedies 

1. Tighten backing 
plate 

2. Tighten brake- 
drum on hub 

3. Bleed air from 
lines 

4 4 Repair or replace 
£*wheel cylinder 



7-32. What, if anything, should happen to the 
pedal of a vacuum-assisted hydraulic 
brake system that is being held^down while 
the engine is started? 

1. Move forward » 

2. Move backward 

3. Nothing v " 
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7-39. 



7-33. Which of the following conditions in a 7-38. 
vacuum-assisted hydraulic brake system 
can result in a hard pedal caused by 
vacuum failure? 

1. Plugged or loose vacuum fitting 

2. Collapsed 'or damaged vacuum hose 

3. Damaged floating control valve 

\ 4. Each of the above 

/ 

'7-34. With the engine not running and the 

brakes applied/ the pressure in an air- 
brake system is 70 psi. What is the 
condition of the system if the pressure 
drops to 65 psi in 1 minute? 

1. It is satisfactory 

2. It has an air leak 

3. Its compressor is defective 

4. One of its relief valves is improperly 
set 

7-35. A drained airbrake system requires 8 

minutes to build up a pressure of 60 psi. 7-40. 
What is the condition of this system? 

s. 

1. It is satisfactory 

2. It has leaks 

3. It has a defective compressor 

4. Its low pressure relief valve is set 
too low 

7-36 . Which of the following operating troubles 
result from a malfunction of the air- 
over-hydraulic power cylinder? 



With the brake pedal released, you get 
readings greater than ZERO on the air 
control pressure gage and both hydraulic 
pressure gages. These readings show 

1. continuing power cylinder problems 

2 . dragging- brakes 

3. a faulty vacuum cylinder 

Which of the following conditions indi- 
cates a faulty vacuum cylinder within a 
vacuura-over-hydraulic brake system? 

1. The brake pedal moves toward the 
floorboard after the engine is started 

2. The brake pedal moves toward the 
fLoorboard before the engine is 
started 

3. The brake pedal fails to move before 
the engine is started 

4. The brake pedal fails to move after 
the- engine is started 

When road testing a vehicle, you, apply 
the emergency brake to see whether it is 
effective enough to stop the vehicle. 
Within what distance must the brake stop 
the vehicle safely when it is traveling, 
at a speed of 20 mph? 

1. '85 ft 

2. 75 ft 

3. 65 ft 

4. 55 ft 



1. Hard pedal and dragging brakes 

2. Grabbing brakes and spongy pedal 

3. Low pedal and severe braking 

4. Fading brakes and pulsating brake, 
pedal 



Learning Objective: Point out funda- 
mentals of inspecting vehicular 
steering systems and accessories. 
Textbook pages 8-20 through 8-23. 



of a 



When answering items 7-37 and 7-38, 
assume you are testing the power cylinder 
vehicle equipped with air-over-hydraulic 



brakes. 



7-41. During a routine inspection of a vehicle, 
you notiice that one tire has worn spots 
which allow the cord fabric to show. 
What should you do with this tire? 



7-37. The air control pressure gage shows 60 psi 
and the hydraulic output pressure gage 
shows 1,000 psi with the brake pedal fully 
depressed. The gage readings indicate 

1. air leakage and hydraulic fluid 
leakage 

2. air leakage and air trapped in the 
hydraulic system 

3. automatic adjusters not working 

4. improperly adjusted compressor ^ 
governor and hydraulic pressure dr^ji 



7-42. 



1. Reverse its position on the wheel 

2. Put it on the jwheel that shows the 
least tire wear 

3. Balance it * <- 

4 . Replace it 

Of the following conditions, which is 
LEAST likely to cause hard steering? 

1. Underinflated tires 

2. Improperly adjusted brakes 

3. Worn universal joints 

4. Loose tie rod ends' 
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7-43. 



Which of tKe following factors affect 
steering but are NOT checked in routine 
safety inspections? 



7-44. 



4. 



Tire inflation and wear 

Play in steering wheel and condition* 

of front wheel bearings 

Brake adjustment and condition of 

ball joints ' x 

Wheel camber and caster and kingpin 

angle 



If you have tightened up the tie rod ends 
of a steering system during the inspection 
of a vehicle, you will'* likely have to 
adjust the \ 



front-wheel bearings, 
toe-in 



1. 
2. 

3. front-wheel caster or camber 

4. kingpin angle 



7-^5. Where must the discharge point of exhaust 
gases be on vehicles equipped with short 
bodies? x 

1. Beyond the rear bumper 

2. Behind the rear axle 

3. Rear of the cab and beyond any saddle 
fuel tanks 

7-46. On inspecting a number of vehicles, you 
find some windshields are crocked and 
some are pitted. Which windshields, if $ 
any, should be replaced before the 
vehicles are approved for driving? 

, 1. Pitted* windshields only 

2. Cracked windshields only 

3. Pitted or cracked windshields 

4. None 

7-47* A bus, truck, or truck-tractor must be 
equipped with two rearview mirrors on 
each side and an interior rearview 'mirror . 

7-»48. Which of the following is part of a seat 
belt inspection? 

1. Seeing that the belts are not frayed 
or worn 

2. Seeing that no sharp metallic object 
is rubbing against the cloth part of 
a belt 

3. Making sure belt anchors are secure 
and tight 

4. Bach of the above 



7-50.' Under which of the following conditions 
should thekingpin lock open on a truck- 
tractor ancTstrailer? 

*1. The operator applies the trailer 
brakes * 

2. The air release valve is activated 
automatically 

3. The operator activates the positive 
release lever by hand or it is 
activated automatically 

7-51. Equipment that has the batteries xemoved, 
preservation lubricants installed, and all 
openings securely sealed is, considered as 
what type? 

1. JSmbarkatioh- 

2 . Live storage ' 

3. Deadlined — ' 

4 . Preserved 

7-52. Live storage equipment may be operated 
through all cycles. 

7-53. Safety and operational inspections are 
not conducted as part of an embarkation 
inspection . 

N 

7-54. Conf igurertion of some vehicles is a 
requirement for embarkation. 

7-55. Major repairs and body work are normally 
completed during the "BEEP." 

7-56. All parts and labor cost of items inter- 
changed with deadlined equipment are 
charged to 

1. project funds 

2. the deadlined unit 

3 . overhead 

4. the unit installed on 

7-57. Deadlined equipment is inspected on a 

regular schedule to detect cannibalization . 



Learning Objective: Describe tech- 
niques of troubleshooting an auto- 
motive clutch. Textbook pages 9-1 
through 9-5. ^ ' 



7-49. A horn that does not sound when being 
inspected should be checked for proper 
ground and correct voltage. 

n 
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In items 7-58 through 7-69, select from column B 
the type of clutch trouble that is caused by the 
condition in column A. 



Conditions 



7-58. Loose spring 
shackles 

7-59. Broken pressure 
plate f 

7-60. Excessive free 
pedal movement 



B. Types of 
Trouble 

1. Clutch slippage 

2. Clutch drag 

3. Clutch grab or 
chatter 

4. Clutch noise 



7-61. Worn pilot 

bearing * 

7-62. Binding in 

clutch linkage 

7-63. Grease or oil 
on the facings 

7-64. Loose w transrais- 
sion mountings 

7-65. Worn engine 
mounts 

7-66. * Binding of the 

friction disk hub^f 

7-67. JWorn clutch . 
facings 

7-68. Warped disk 



7-71. When insufficient clutch pedal lash is 
noticed, have your mechanic check the 

1. linkage adjustment 

2. release bearing for wear or dryness 

3. friction disk facing for surface 
condition 

7-72. Which of the following practices is 

recommended to correct a stiff clutch 
pedal? 

1. Oil the disk facings 

2. Ride the clutch 

3. Lubricate the clutch linkage 

4. Adjust free travel of the pedal 

7-73. When the clutch is being uncoupled, a 
series of slight movements (pulsations) 
can be felt on the clutch pedal* The 
trouble indicated may be caused by which 
of the following conditions? 

I 

1. A' warped pressure plate or warped 
clutch disk 

2. The flywheel not seated on the crank- 
shaft flange 

3* Misalignment of the engine and 

transmission 
4. Each of the above 

7-74. Broken or weak pressure springs in the 
' clutch plate assembly will cause the 

clutch disk to wear rapidly. 



7-69. Worn clutch 

release bearing 



7-?0. In checking for a slipping* clutch, you set 
the handbrake, start the engine, and put 
the transmission in low gear. In which of 
the following ways should you release the 
clutch? 

• 1. Rapidly while accelerating the engine 

2. K Rapidly while maintaining constant 

engine speed 

3. Slowly while maintaining constant 
engine speed 

, , 4. Slowly while accelerating the engine 
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Assignment 8 

» 

Power Trains/Automatic Transmissions (continued) 
Textbook Assignment: Pages 9-5 through 9-65. 



Learning Objective: Explain oper- 
ating principles of the four-speed, 
constant-mesh, synchromesh, and 
auxiliary transmission. Textbook 
pages 



8-5. 



9-6 through 9-12 . 



k In items 8-1 through 8-4, select from column B 

the gear position that a four- speed transmission 

would be in when the gears are engaged as 

described in column A. 8-6. 



8-1. 



8-2. 



8-3. 



8-4. 



A. Descriptions B. Gear Positions 



The forward shift 1. 

or sliding gear 

is engaged with 2. 

the constant 

speed gear 3. 



First gear 
Second gear 
Third gear 



The smallest 
countershaft 
gear engages with 
the largest 
sliding gear 

The second 
countershaft 
gear meshes with 
the forward slide 
gear 



The largest 
sliding gear 
is disengaged and 
the smallest 
countershaft gear 
is in mesh with 
the second largest 
sliding gear 



4. Fourth gear 



8-7. 



8-8. 



What feature of the constant-mesh trans- 
mission enables it to operate more 
quietly than the old-type transmission 
with its spur-tooth gears? 

1. Double- row spur-tooth gears 

2. Helical gears 

3. Main shaft meshing gears that are 
able to move endwise" 

4. Soundproof padding around the trans- 
mission case 

What component in a synchromesh transmis- 
sion equalizes the speed of the driving 
and driven members? 

1- Friction cone clutch 

2. Dog clutch 

3. Shifter fork 

4. Sliding sleeve 

Some trucks are powered by the same- si zed 
engines you find in passenger cars. Why 
do these trucks have a greater mechanical 
advantage than the passenger cars have? 

1. Their engine-to-axle gear ratio is 
greater 

2. Their engine-to-axle ratio is smaller 

3. They are equipped with synchromesh 
transmissions 

Which tyjfenfroj^transmission, if any, will 
increase the mechanical advantage of a 
truck? 

I'. Constant-mesh main' transmission 

2. Auxiliary transmission 

3. Synchromesh main transmission 

4 . None 



Learning Objective: Describe tech- 
niques of troubleshooting automotive 
transmissions. Textbook pages 9-14 
through 9-16. * 



MC 
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8-9. Which of the following conditions pro- 8-14. 
duces torsional vibrations that sound 
like noises in the transmission? 

1. Worn universal joints 

2. Loose Unbolts 

3. Unbalanced wheels 

4. 'Each of the above 

8-10. 'What effect does the lockout mechanism 

in the transmission produce when it fails ' 

to exert enough spring pressure on the 

gears? . 8-15. 

1. Slipping out of gear 

2. Hard shifting 

< 3. Gear clashing, low to second gear 
, 4. Gear clashing, second to high gear 

8-11. A diagnosis of misalinement between the 
transmission and engine is* checked by 

1. removing the transmission and 
examining the clutch shaft 

2. measuring flywheel wobble with a dial 
.indicator 

3. rotating the crankshaft rapidly and 
looking for variations in. the housing 
bore 

4. counting clutch-pedal pulsations 8-16. 

8-12. Of the following conditions, which could 
cause the gear to clash When you are 
shifting into either second or high gear? 

i 

1. Excessive free travel of gluten pedal 

2. Broken synchronizer spring 

• 3. Gear sticking on the main shaft of 

the transmission * 8-17. 

4. Each of the above 

8-13. Assume you hear a, noise cottiing from a 

vehicle* The vehicle is not moving, its 
engine is running, the clutch is engaged 
and the transmission is in neutral* How 
should you go about deciding * that the 
+ noise is coming from the transmission 

only? 

1. Disengage the clutch, and find that 
* the noise stops 

2. Disengage the clutch, and find that * 
the noise continues 

3. Put the transmission in gear, and 8-18. 
find that the noise continues 



In a six-wheel drive vehicle, an extra 
propeller shaft connects the drive shaft 
of the transfer case to the rearmost axle 
assembly. The extra shaft is connected to 
the transfer case through 



1. 
2. 



the transmission brakedrum * 
the propeller shaft assembly and then 
to the live axles 

direct connections between the input 
shaft and the main shaft 



Lr^ti 



Whenever »ore trTRtion is required of a 
four-wheel truck, the front wheel drive is 
engaged automatically by a/an 

t 

1. sprag unit 

2. slip joint 

3 . two-way clutch 

4. auxiliary transmission t* 

Learning Objective; Identify the 
types of power takeoffs and pro- 
peller shaft assemblies and their 
uses in automotive vehicle opera- 
tion. Textbook page 9-19. / 



The power takeoff units with gear arrange- 
ments that provide three or more forward 
speeds are used to operate 

1. power trains 

2 . winches 

3. tracklayers 

4. front-wheel drives 

Which component in the power train of a 
moving vehicle ad'justs to- changes in the 
distance between the transmission and the 
axle assembly? 

1. Universal joint 

2. Slip joint 

3. Driving axle 



Learning Objective : Explain funda- 
mentals of automotive differentials. 
Textbook pages 9-21 and 9-22. 



(She purpose of the differential in the 
rear axle assembly of a wheeled Vehicle 
is to 



Learning Objective: Explain operat- 
ing principles and troubleshooting 
techniques for transfer cases. Text- 
book i>age 9-17. 



1. serve as a torque member 

2. insure that the rear wheels always 
turn at the same speed 

3. boost engine power transmitted to the 
wheels 

4. enable the axles to be driven as a 
single unit although turning at 
different speeds • 
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8*19. Compared to a standard differential, the 
high-traction differential for automotive 
, vehicles combines pinions and side gears 
that have 

1. fewer teeth but the same tooth form 
2 . more teeth but the. same tooth form 
• 3. fewer teeth and a modified tooth form 
4. more teeth and a modified tooth form 

8-20. Which parts of the standard differential 
distinguish it from the no-spin differen- 
tial? 

1. Ring gear and spider 

2. Pinions and side gears 

3. Two driven clutch members with side 
teeth 

4. Spring retainer and trunnions* 



In items 8-21 through 8-23, select from column B 
the type of axle that best fits the description 
in column A. * 



8-24. 



8-25. 



8-26. 



A. Descriptions 

8-21. The axle housing 
carries the 
weight of the 
vehicle because 
the wheels are 
supported by 
bearings on the 
outer ends of 
the housing 

8-22. Each wheel is car- 
ried on the end of 
the axle tube on 
two ball bearings 
or roller bearings 
and the axle 
shafts are bolted 
to the wheel hub 

8-23. The wheels are 
keyed or bolted 
to outer ends of 
axle shafts and 
the outer bearings 
are between the 
shafts and 
housing 



B. Types of Axles 

t 

1. Semifl'oat*ng 
axle 

2. Three-quarter 
floating axle 

3. Full floating 
axle 



8-27. 



At what level should the lubricant be 
maintained in the gear cases of vehicle 
Jower trains? 

1. One inch below the inspection hole 

2. Two inches below the inspection ho£e 

3. Three nineties below the inspection hole 

4. Even with the bottom of the inspection 
hole 

Which >of the followij^ practices could 
cause a\clutch to slip? 

1. Underfilling the transmission with oil 

2. Filling the .transmission with oil 
too light or too heavy 

3. Overfilling the transmission with oil 

Which of the following faults should 
mechanics look for when inspecting the 
power train of a vehicle? 

1. Missing transmission bolts 

2. Bent propeller shaft 

3. Loose U-bolts 

4. All of the above 



Learning Objective:/ Identify the 
operating principles of the Turbo 
Hydra-matic 400 .transmission. Text- 
book pages 9-2Jr through 9-37. 

Which o£ the following is^a part of the 
reaction member of this transmission? 



8-28. 



8-29. 



Learning Objective: Point out good 
and poor practices in servicing 
power trains. Textbook'pages 9-26 
and 9-27. 



1. 
2. 
3. 
4. 



Pump 

Turbine 

Sprag 

Planetary gear 



8-30. 



Maximum performance at all throttle open- 
ings is obtained by signals from 

1. engine vacuum and revolutions 

2. vehicle speed and engine torque 

3. engine timing and vehicle speed 

4. hydraulic pressure and engine torque 

Holding the sun gear stationary and apply- 
ing power to the internal gear in a clock- 
wise direction will result in 

1. overdrive 
2., reverse 

3. direct drive 

4. reduction 

The converter cover is attached to the 
engine by the use of a 
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1. 

2^ 
"3. 
4. 



slotted drive 
flex-plate 
flywheel ring 
clutch plate 



8-31. 



8-32 



With the engine operating full throttle, 
transmission in gear, and the vehicle 
standing still, the converter is capable 
of multiplying engine torque by approxi- 
mately 




4:1 
1:2 
2:1 
1:4 



ydra-matic 400 employs what type of 
hydraulic pump to build pressure? 

1 . Positive diaphragm 

2. Piston 

3 . Rotary vane 

4. Internal-external gear 



8-33. Oil returning from the converter is 
directed to the 



Learning Objective: Specify the 
fundamentals of the power shift 
* transmission as illustrated in the 

International Harvester TD-20 series 
B tractor and 'model 250 series B 
loader. Textbook pages 9-35 
through 9-46. 

—— 

8-38. The hi-lo shifting lever that controls 
shifting from one range to another is 
mounted on the 

1 . universal joint 

2 . torque converter 

3. reverse clutch shaft 

4. transmission front cover 

8-39. On which shafts are the gears mounted? 



8-34. 



8-35. 



8-36. 



1. transmission cooler 

2. transmission sump 

3. transmission pump inlet 

4. converter inlet 

The small area of the forward clutch 
serves to provide* 

1. final holding force\ 

2. line pressure 

3. smooth initial takeup 

4. release pressure 

The secondary weights of the governor act 
on the * 



1. regulating valve 

2. output shaft 

3. vacuum gear 



To control upshift at a higher vehicle 
speed, a variable oil pressure is used 
and known as 



^ 1. Reverse clutch and forward clutch only 

, 2 . Reverse clutch and spline only 

/ 3. Spline and bevel pinion only 

4. Reverse and forward clutch and spline 

X and bevel pinion • 

8-40. Which -shaft, serving as a mounting for 
gears, rotates on two straight roller 
bearings? 

1. Bevel pinion shaft 

2 . Forward crutch shaft \ 

3. Spline shaft 

4. Reverse clutch shaft 



Items 8-41 through 8-43 are related to trouble- 
shooting the International Harvester (TD-20 
series B tractor and model 2 50 series B loaders) 
hydraulic torque converter. Select from column B 
the possible cause of the trouble in column A. 



Troubles 



B. Possible Causes 



governor pressure '* 
torque pressure 
modulator pressure 
vacuum pressure 



8-41. Torque converter 1. Bearing failure 



8-37. An operator has a complaint of slipping in 
reverse. The oil level, linkages, and 
"modulator are normal. You should suspect 
the ' 



overheating 

8-42 . Loss of .power 

8-43. Grinding or 

scraping noise 
inside converter 
housing 



allowing turbine 
or impeller blades 
to strike the 
fixed stator 

Operating too long 
in low -.efficiency 
ranges 



1. governor feedline seals 

2. detent solenoid 

3 . detent switch 

4. reverse feed passage 



.3. Converter input 
pump inoperative 

4. Leaking converter 
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8-44. For transmission gears, which shaft has a 
. straight .^roller bearing at each end? 

1. Bevel pinion shaft 

2. Spline shaft 

3. Forward clutch shaft 

4. Reverse clutch shaft 

8-45. Which statement is true of the forward 

and reverse clutch when the transmission 
is in neutral? 

, 1. Neither clutch is engaged 

2. The drive gear and drum assemblies 
are free > > 

3. No torque is transmitted through the 
clutch 

4. Each of the above % 

8-46. What function is performed by the entry 

of oil into the accelerator piston cavity? 

1. Forcing the accelerator piston, rein- 
forcing disk, and disk valve against 
the separator plate 

2. Forcing the accelerator piston to push 
the gij^ie pins against the opposite 
accelerator piston, positioning this 
piston, reinforcing disk, and disk 
valve away from the separator plate 

3. Starting to move the force piston to 
the right 

4. Each of the above 



8-49. 



8-47. 



8-48. 



8-50. 



Which unit holds the hi-lo shifting lever 
on the transmission cover in position? 



Bolt 
Screw 

Poppet lock 
Ring 



8-51. 



8-52. 



If the entry of air into the suction line 
causes the main oil pressure gage to show 
low or high pressure, which corrective 8-53. 
measure should you take? 

1. Clean suction filter and replace the 
pressure filter element 

2. Remove valve spinas and replace with 
new ones x 

3. Replace the Marmon clamp gasket and 
replace the "O" rings *in" the system 

4. Check number of washers, being sure 
that there are no more* than four, and 
install new valve body gasket 



Which of the following faults can cause 
noise in the transmission? 

1. Worn gears, bearings, or gear and 
drum bushings 

2. Foreign material in oil 

3. Bevel gear and pinion not in proper 
mesh 

4. Each*of the above 

If the entry of air into the suction line 
causes the oil temperature to rise too 
high, what should you do? 

1. Remove and clean the oil cooler 

2. Discard the valve assembly 

3. Replace the gage or sending unit 

4. Replace the Marmon clamp gasket and 
"0" rings 



Learning Objective: Outline princi- 
ples governing operation of the Alli- 
son Torqmatic Transmission (series 
4460). Textbook pages 9-41 through 
9-65. 



Which planetary of the torque converter 
gear train has two clutches? 



l.^%bw-r 



-range 

2. Intermediate -range ^ 

3 . Re ve r se -range, 

4. Splitter 

The combination of planetary gears and 
clutches gives the transmission 

1. three forward and one reverse ranges 

2. four forward and two reverse ranges 

3. five forward and two reverse ranges 

4. six forward and two reverse ranges 

WhictT^dentification must be included 
when you are ordering parts for the 
transmission? 

1. Serial number 

2. Assembly number 

3. Model number 

4. Each of the above 
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In items 8-54 through 8-56, select from column B 
the part of the input drive on which the assem- 
bly of column A is fastened. 



8-54. 



8-55. 



8-56. 



A. , Assemblies B. Input Drive Parts 



Inner bolt circle 1. 
of flex-disk 
assembly 

Outer bolt circle 2. 
of flex-disk 
assembly 3. 

Engine starter 
ring gear 4. 



Front end of fly- 
wheels outer 
diameter 

Hub assembly 

Torque converter 
lockup clutch 

Flywheel 



8-61. What is the correct corahuiat ion of 

internal splined clu£cfc y plates, external- 
tanged plates, and piston return springs 
for the high-range clutch? 

1. Three internal splined clutch plates, 
two external tanged plates, and 10 
piston return springs 

2. Four internal splined clutch plates, 
three external tanged plates, and 13 
piston return springs 

3. Two internal splined clutch plates, 
four external tanged plates, and 15 
piston- return springs 

4. Fiye internal splined clutch plates, 
three external tanged plates,, and 20 
piston return springs 
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8-57. Which element of the torque converter is 
a torque-multiplying element? 

1. Pump 

2. Turbine 

3. Stator 

8-58. Which element of the torque converter is 
splined to the shaft that transmits power 
to the splitter planetary carrier? 

1. Turbine 

2. Stator 

3 . Pump 

x 8-59. Which component of the splitter planetary 
is aTpa'rt of the turbine output shaft? 

1. Carrier 

2. Sun gear 

3. Pinion on roller 

4. Ring gear 

8-60. When a hydraulic retarder is actuated, the 
rotation of the rotor is resisted by the 
action of 

1. oil churning between stators and rotor 

2. miniature brakes forcing action to 
slow down 

f 3. reversal of direction in which plane- 

tary pinions rotate 
4. hydraulic pressure against the rotor 



8-62. How many pinions rotate on rollers on 
spiqdles in the carrier of the inter- 
mediate-range planetary gear? 

^ 1." Eight 

2 . Two 

3. Six 

4 . Four 

8-63. The low-range planetary gear set includes 
which of the following parts? 

1. Carrier 

\ 2. Four pinions 

3. Sun gear and ring gear 

4. Each of the above 

8-64. When the clutch piston receives hydraulic 
pressure, which element does NOT move? 

1. Low-range ring gear 

2. Pinions 

3. Sun gear 

*f. Carrier assembly 

8-65. All of the following are elements of the 
reverse-range planetary EXCEPT the 

1 . carrier 

2. twelve pinions 

3. sun gear 

4. ring gear 

8-66. Which units are parts of the output dis- 
connect assembly? 
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1. Housing and shifter fork 

2. Output shaft and shifter shaft 

3. Driven and drive couplings 

4. All of the above 
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8-67. After the oil flow stops, following the 
closing of the retarder valve, the oil 
left in the retarder is exhausted to the 

1. transmission sump 

2. oil pan 

3. engine 

4. ground 

8-68. .The oil flow and oil pressure provided by 
j£ the hydraulic system serves which function 
for the Allison 4460 series transmission? 

1. Hydraulic operation 

2. Cooling 

3. Lubrication 

4. Each of the above 

8-69. After leaving ^the retarder, the oil 
supply goes to the 

1. converter-out circuit 

2. oil cooler 

3. main transmission housing 
, 4. converter-out oil line 

8-70. Which type of valve is the converter-in 
pressure regulator valve? 

1. Globe 

2 . Pump v 

3 . Stem 

4. Umbrella 

8-71. 'The Bitot tube, after receiving the Qil, 
directs it ^^Ehe 

1. pilot valve and lockup valve 

2. collector ring and high-range clutch 
housing assembly 

3. slotted shaft selector valve and oil 
pan« 

4. spool-type flow valve and, collector 
ring 



Items 8-72 through 8-75 are related to trouble- 
shooting the Allison 4460 transmission and 
engine as they affect engine performance. 
Select from column B the possible cause of the 
transmission trouble in column A. 



Transmission 
Troubles 



8-72. High oil temperature 
8-73. Loss of power ) 
8-74. Low main pressure 



B. Possible Causes 

1 . Worn piston 
seals 



8-75. No power transmitted 4. 
in one range 



Low oil level 

Clutch slipping 

Manual selector 
valve not 
posit ioned 
properly 
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